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Dear Sir or Madam: 

This letter is in response to the request for comments on the above referenced guidance 
document. The majority of the clinical questions were thoroughly discussed at the 
January 25 panel meeting and I concur with the experts that a reduction in adhesion 
formation in and of itself is of benefit. This could include reductions in incidence, extent 
or severity of adhesions. Having done adhesiolysis surgery in animal models, I would 
consider the complications that occur in animals due to the presence of cohesive dense 
adhesions would only be magnified in the clinical population. Therefore, I would request 
that the FDA consider a reduction of adhesion formation to be of clinical significance. 

However, the main point of this memorandum is to address some of the difficulties that I 
see with the proposed animal studies. Of greatest interest to rnle is the means by which 
we can, in preclinical studies, address the magnitude of hazard associated with the use of 
adhesion prevention devices in the clearance of bacterial infections. This will be 
discussed in great detail in the accompanying document. There are also points to 
consider with the proposed reproductive studies to assess fertility and development and 
the assessment of the effect of adhesion prevention devices on the course of malignancy. 

Thank you for your consideration of my concerns with the drat3t regulatory guidance in 
this area. I would be happy to provide any further information that you might require. 
Please feel free to contact me if you have any questions. 

G 



. 

Infection Study: It is the impression from the document that the suggested preclinical 
study would evaluate mortality and abscess formation after the initiation of bacterial 
peritonitis with a mixed bacterial flora. Historically within the field of 
immunotoxicology, assessment of the risk of alterations in immune function has been to 
evaluate a battery of immune parameters and to include, for comparison to evaluate the 
potential magnitude of the hazard, a host resistance assay. After a number of compounds 
were evaluated under this system of assessment of multiple parameters, then correlations 
were done to determine which immune function parameters are most predictive of 
alterations of host resistance and the effect of agents on these parameters were used to 
assess immunotoxic potential (Luster et al, 1993). The use of host resistance models to 
assess immunotoxicologic potential is rare in the regulat.ory arena. There are vast 
difficulties with the routine use of such models including the humane use of animals, the 
potential for interactions between the model pathogen and the chemical may give data not 
relevant to the clinical situation, the overwhelming nature of an infection leading to 
mortality in an animal model, etc. 

With this historic background in mind, I would like to specifically address the draft 
protocol in question. It is unclear why the performance of studies of infection 
potentiation assessing mortality as the primary endpoint is recommended. As stated, 
within the field of immunotoxicology, host resistance studies are often assessed by the 
measurement of an important immune response parameter in the clearance of the agent of 
interest rather than mortality due to the infection. At a dose of infectious agent that 
results in significant mortality due to exposure, the immune system of the animal is often 
overwhelmed irrespective of the material undergoing evaluation (as evidenced by the 
mortality of the animal). At this point, it is difficult to determine the relevance to the 
human situation of, especially at a multiple increase in the clinical dose, the outcome of 
this study. The number of animals necessary at an LD50 dose that would be required to 
distinguish a clinically relevant event would be tremendous. I believe that any death that 
is directly related to the use of a product in a situation that is predictive of the clinical use 
of the product is relevant and would support the use of animals in the assessment of such 
a situation. However, measurement of mortality in a situation not relevant to the animal 
model used in preclinical assessment would not provide further comfort as to the safety of 
the material under evaluation. 

On the other hand, intraperitoneal infections are often controlled by the host defense 
systems by abscess formation. Therefore, assessment of the effects of the materials on 
abscess formation may be of relevance to the clinical situation. 

When I first came to this field of clinical research, I was asked, from my point of view as 
an immunotoxicologist, what would be the concern that I would have with the 
intraperitoneal use of an agent to reduce adhesion formation in the perioperative interval 
and what studies to conduct to determine if there was an increased risk with their use. I 
designed a set of studies that were subsequently published (Rodgers et al, 1988). This 
study assessed the function of peritoneal leukocytes including phagocytosis of opsonized 
yeast, respiratory burst activity and tumoricidal activity. Obviously, such an approach 
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would require validation as have occurred with the models to assess systemic 
immunotoxicity. However, ultimately this would provide data that would be more easily 
translatable to the human situation, and would not include some of the inherent risks of 
using a host resistance model. 

However, if the need for a host resistance model continues, however, I would suggest that 
consideration be given to the use of a lower dose of bacterial innoculum with assessment 
of bacterial clearance and abscess formation as outcomes rather than mortality, which is 
so fraught with the potential for artifact. 

Luster, MI, Portier, C, Pait, DG, Rosenthal, GJ, Germolec, DR, Corsini, E, Blaylock, BL, 
Pollock, P, Kouchi, Craig, W, et al. Risk assessment in immunotoxicology. II. 
Relationships between immune and host resistance tests. Fund. Appl. Toxicology 21:71- 
82. 

Rodgers, KE, Ellefson, D, Girgis, W, Scott, L, dizerega, GS. 1988. Effects of tolmetin 
sodium dihydrate on normal and postsurgical peritoneal cell function. Int. J. 
Immunopharmacology 10: 1 1 l- 119. 

Reproductive Toxicolow: With the types of materials currently under development, 
many of the requested studies will require surgery on animal about to be mated or 
pregnant (or both if the sponsor would like to combine the studies into one). In fact, 
multiple surgeries may be required depending upon the pharmacokinetics of the 
abdominal clearance of the material. Surgery during pregnancy can be accomplished with 
rats. However, the ability to do this with a second species (rabbit) is not clear and the 
willingness of an animal undergo mating after recent surgery is not clear. The proper 
conduct of these studies, if possible (above comments reflect the most glaring problems), 
will be very expensive to the sponsor and would not provide additional evidence of safety 
of the product. As these agents are placed intraperitoneally and may act as a barrier to 
conception, infertility physicians generally do not recommend conception be attempted 
by their patients during the first cycle after surgery. 

Tumor metastasis: While the above two protocols can be conducted and the relevance 
can be easily ascertained if there is a gross problem with the product, a review of 
available documents make it difficult to ascertain the proper conduct of a validated model 
to establish the effect of an agent on tumor metastasis. The only validated model of 
tumor metastasis used to evaluated host resistance in the field of immunotoxicology that I 
am aware of is a melanoma model that results in lung metastasis. This model is used to 
assess the effect of reduced systemic immune survellience on the formation of nodules of 
metastatis tumor in the lung. However, how such a model can be made relevant to the 
intraperitoneal administration of a device that may reduce intraperitoneal immune 
survellience or may allow tumor dispersement and metastasis after surgery is unclear. 



Two models have been published in the literature that may provide the basis for a 
relevant, validated animal model for assessment of this safety parameter. These models 
are both in the rat and evaluate either ovarian cancer (Canis et al, 1998) or 
adenocarcinoma (Dorrance et al, 1999). The lack of a validated model (one that is not 
simply a laboratory method to evaluate a biological phenomena) would make compliance 
with this guidance point difficult. 

Canis, M., R. Botchorishvili, A. Wattiez, G Mage, JL Pouly and MA Bruhat. 1998. 
Tumor growth and dissemination after laparotomy and CO, pneumoperitoneum: A rat 
ovarian cancer model. Obstet. Gynecol. 92: 104-l 08. 

Dorrance, HR, K Oien, PJ O’Dwyer. 1999. Effects of laparoscopy on intraperitoneal 
tumor growth and distant metastases in an animal model. Surgery 126:35-40. 

Conclusions: This section of the guidance, as currently written, is broad and vaguely 
defined. Before activating the guidance and consequently, requiring that studies of such a 
difficult and challenging nature be performed, I would strongly recommend that experts 
within the field meet as a committee to review this section of the guidance (as noted 
above I would volunteer to chair such a discussion with my colleagues). The committee 
would ensure that the recommended studies would be relevant and feasible to perform 
thereby eliminating any potential confusion amongst the community guided by this 
document. 

Thank you for allowing me to have input on this document. 

Sincerely yours, 

Kathleen Rodgers, Ph.D. 
Associate Professor 
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Risk Assessment in Immunotoxicology. 11. Relationships be- 
tween Immune and Host Resistance Tests. LUSTER, M. I., POR- 
TIER, C., PAIT, D. G., ROSENTHAL, G. J., GERMOLEC, D. R., 
CORSINI, E., BLAYL~CK, B. L., POLLOCK, P., KOUCHI, Y., 
CRAIG, W., WHITE, K. L., MUNSON, A. E., AND COMMENT, 
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We have reported on the design and content of a screening 
battery using a “tier” approach for detecting potential immuno- 
toxic compounds in mice (Luster ef al., Fundam. Appl. Toxicol., 
IO, 2-l 9, 1988). The data base generated from these studies, 
which consists of over 50 selected compounds, has been col- 
lected and analyzed in an attempt to improve future testing strat- 
egies and provide information to aid in developing future quan- 
titative risk assessment for immunotoxicity. In a recent study it 
was shown that as few as two or three immune parameters were 
needed to predict immunotoxicants in mice (Lbster et al., Fun- 
dam. Appl. Toxicol., 18,200-2 IO, 1992). In particular, enumera- 
tion of lymphocyte populations and quantitation of the T-de- 
pendent antibody response were particularly beneficial. Further- 
more, commonly employed apical measures (e.g., leukocyte 
counts, lymphoid organ weights) were fairly insensitive. The 
present analyses focus on the use of this data base to develop 
statistical models that examine the qualitative and quantitative 
relationship(s) between the immune function and host resis- 
tance tests. The conclusion derived from these analyses are: (I) 
A good correlation exists between changes in the immune tests 
and altered host resistance in that there were no instances where 
host resistance was altered without affecting an immune test(s). 
However, in some instances immune changes occurred without 
corresponding changes in host resistance. (2) No single immune 
test could be identified which was fully predictive for altered 
host resistance, although most assays were relatively good indi- 
cators (i.e., >70%). Several others, such as proliferative re- 

’ D. Gayla Pait was on a student appointment from the Department of 
Mathematics, North Carolina State University, Raleigh, NC 27695 and is 
Presently at Glaxo, Inc., Research Triangle Park, NC 27709. 

sponse to lipopolysaccharide and leukocyte counts, were found 
to be relatively poor indicators for host resistance changes. (3) 
The ability to resist infectious agent challenge is dependent 
upon the degrees of immunosuppression and the quantity of 
infectious agent administered. (4) Logistic and standard regres- 
sion modeling using one extensive chemical data set from the 
immunosuppressive agent, cyclophosphamide, indicated that 
most immune function-host resistance relationships followed 
linear rather than linear-quadratic (threshold-like) models. For 
most of the relationships this could not be confirmed using a 
large chemical data set and, thus, a more mechanistically based 
approach for modeling will need to be developed. (5) Using this 
limited data set, methods were developed for modeling the pre- 
cise quantitative relationships between changes in selected im- 
mune tests and host resistance tests. Q 1993 Society ofToxicology. 

Experimental data have been collected over the last 10 
years by the National Toxicology Program (NTP) charac- 
terizing the potential of various environmental chemicals 
and therapeutics to suppress the immune system and alter 
host resistance. A description and rationale for the selection 
of a battery of immune tests for this screening process have 
previously been described (Luster el al., 1988). Data from 
these studies, which now encompass over 50 compounds, 
have been analyzed in an attempt to improve future testing 
strategies and provide information to aid in the risk assess- 
ment process. Specifically, the following issues were ad- 
dressed: (I ) What is the likelihood for each of the individual 
tests and testing configurations to accurately identify im- 
munotoxic compounds? (2) How do these immune end- 
points relate to other endpoints such as carcinogenicity? 
And (3) what are the quantitative and qualitative relation- 
ships between the immune tests and host resistance assays? 
The first two questions were addressed in an earlier study 
(Luster et al., 1992) and statistical analyses indicated that in 
most instances the performance of only two or three im- 
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mune tests were sufficient to identify immunotoxic com- 
pounds in rodents. The tests which showed the highest asso- 
ciation with immunotoxicity were the splenic antibody 
plaque forming cell (PFC) response (78% concordance) and 
cell surface marker analysis (83% concordance). The rela- 
tionships between immunotoxicity and carcinogenicity 
were also addressed. These analyses suggested that many 
immunotoxic compounds were likely to be rodent carcino- 
gens, however, for compounds that were not immunotoxic 
the carcinogenic status was unclear. There was no apparent 
relationship observed between immunotoxicity and muta- 
genicity. 

The present studies focus on the use of this data base to 
develop statistical models that examine the relationships 
between immune function and host resistance tests. While 
limitations exist in using such a data base, at present human 
and animal studies have offered only limited insight into 
identifying the most appropriate immune endpoints for 
predicting clinical disease or establishing the quantitative 
relationships between immune function changes and im- 
pairment of host defenses, although qualitative relation- 
ships have been shown. In addition to analyzing the 51 
chemical data base, results of which were summarized in a 
preceding report (Luster et al., 1992) a study was designed 
and the resulting data were collected to further examine 
these quantitative relationships. In this latter study, groups 
of mice were treated with a broad-spectrum immunosup 
pressant, cyclophosphamide, employing a larger number of 
dose levels than are generally used in immunotoxicity test- 
ing. The study design provided an opportunity to deter- 
mine the relationship between immune function assays and 
certain host resistance parameters, particularly at the low 
end of the dose-response curve. 

MATERIALS AND METHODS 

Chemical d&u bare. Details of the NTP data base used for these analy- 
ses, including the results, have been previously described (Luster er al., 
1992). Briefly, this data set consisted of 5 I chemicals or drugs examined by 
the NTP or NTP-sponsored laboratories since 1980. In addition, results 
from several of the compounds studied were provided by Dr. Jack Dean 
while at the Chemical Industry Institute of Toxicology (Research Triangle 
Park. NC). At present, there is no accepted definition of what constitutes 
an immunotoxic agent in rodents, although most agree that immunotoxic 
compounds would best be classified as those that produce an immune 
alteration potentially leading to an undesirable effect (e.g., infectious dis- 
ease). For the purposes of these studies. a positive immunotoxic response 
was defined on the basis that the test material either produced a significant 
dose-response effect (p < 0.05) or significantly (p < 0.05) altered two or 
more test parameters at the highest dose of chemical tested. We perceive 
this as a “liberal” criteria for immunotoxicity, but appropriate for its in- 
tended use in the analyses. Of the 5 I compounds included in the data base, 
34 were classified as immunotoxic by these criteria (Luster et al., 1992). 
For host resistance data, statistical significance was assessed by Fisher’s 
exact test and/or the proportional hazards general linear model. Signili- 
cance (p < 0.05) at the high dose level was necessary to quality as “posi- 
tive.” The results ofthe host resistance tests from the 5 1 chemical data base 
are summarized in Appendix A. 

All studies were conducted using either R6C3Fl or C57BL/6 female 
mice that were between 8- IO weeks of age at the start of the study and most 
ofken employed three treatment levels plus controls. Group sizes routinely 
averaged 7 mice per treatment group for immune tests and I2 mice per 
treatment group for host resistance testsexcept the cyclophosphamidedata 
set to be discussed later. The mice were maintained under pathogen-free 
conditions and routinely screened for the presence of hepatitis and Sendai 
VirUS. 

Cyclophosphamia? stndies. In addition to the NTP data base, two ad- 
ditional analyses were conducted on data sets obtained using a large num- 
ber of mice exposed to cyclophosphamide (Sigma Chemical Corp.) at mul- 
tiple dose levels. In one study, groups of 20 mice were administered a single 
ip injection of 0. 50, or 200 mg/kg of cyclophosphamide in saline. Forty- 
eight hours later, each mouse received I X l@, 2 X IO’, 4 X IO’ or 8 X 10” 
PYB6 tumor cells by subcutaneous injection. Tumor appearance was 
monitored over a 60day period and analyzed as described in the text. Data 
from a second study were used to develop several of the statistical models 
used in the studies. For this study, groups of R6C3Fl mice were adminis- 
tered a single intraperitoneal injection of cyclophosphamide at dose levels 
of 25,50, 75, 100, 125, 150, 175. or 200 mg/kg and the immune or host 
resistance assessments were initiated within 48 hr. Only selected immune 
and host resistance tests were conducted in this study and included the 
following assays: plaque-forming cells (PFCs), cytotoxic T lymphocytes 
(CTL), mixed leukocyte response (MLR), mitogenesis, surface markers, 
spleen cellularity, thymusbody weight ratios, Listeriu monocytogenes resis- 
tance, Streprococcus pneumoniae resistance and PYR6 tumor develop. 
ment. Details of t& methods have been described (Luster et al., 1988; 
Dean er al., 1989; Munson and White, 1990; Thomas m al., 1990). For 
some tests, the data were pooled from replicate experiments when allowed 
by analysis of variance. 

Screening battery. The immune and host resistance tests analyzed 
from the 5 I chemical data set are listed in Table I, and detailed methodolo- 
giesare described elsewhere (Luster et al.. 1988; Dean er al., 1989; Munson 
and White, 1990; Thomas ef al.. 1990). Briefly, this panel consisted of two 
tiers. Tier I included examination of lymphoid organs (e.g., histology, 
weights), hematological studies and tests for general immune function 
such as a modification of the antibody PFC assay originally described by 
Jeme er al., (1963) and the quantitation of natural killer (NK) cell activity. 
Tier II provided a more in-depth study and included, among other tests, 
evaluation of effector T lymphocyte function (i.e., delayed hypersensitivity 
or cytotoxic T lymphocyte responses) and quantitation of splenic B lym- 
phocytes, T lymphocytes, and T cell subsets. In addition, Tier II included 
host resistance models. In these assays, groups of experimental animals 
were challenged with either an infectious agent or transplantable tumor 
cells in an amount sufficient to produce a clinical or observable change in a 
small number of the control animals [e.g., yielding 20% morbidity rate 
(MD,) or tumor frequency (TD,) in the control group]. The host resis- 
tance models used in Tier II, along with the endpoints measured are listed 
in Table I. It should be noted that as a laboratory test for immunocompe- 
tence, these assays historically are assumed to lack sensitivity, most nota- 
bly because they provide categorical data (e.g., mortality), although several 
host resistance tests have been used which incorporate continuous end- 
points. 

Statistical analysis. To examine the qualitative relationships between 
immune and host resistance tests, specificity, sensitivity, and concordance 
were determined as previously described (Luster et al., 1992). To cornmu- 
nicate the overall effect of a chemical on an endpoint, the practice has been 
to assign an ordinal-type classification. A general measure ofimmunotoxi- 
city as well as measures for each assay can be assigned a “yes” or “no,” 
denoting statistical significance for a result using the established criteria 
and comparisons can be made as to the ability of the immune test(s) to 
predict a yes/no change in the host resistance models. Sensitivity is, then, 
the probability of predicting an effect on the immune test given that the 
host resistance test was affected. This can be defined as a/(a + c) 100% 
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TABLE 1 
Host Resistance Models and Immune Tests Employed for 

Statistical Analyses” 

Challenge model Endpoint monitored 

Lw~ra monocytogenes 
Srreplococcus pneumoniae 
Plasmodium yoelii 
PYB6 Tumor 

B 16F 10 Melanoma 
Influenza 

Morbiditqb 
Morbidity 
Parasitemia 
Subcutaneous tumors 

(tumor incidence) 
Lung tumor burden (nodules) 
Morbidity 

Immune tests 

IgM plaque-forming cell (PFC) response to sheep red blood cells (SRBCs) 
Natural killer (NK) cell activity against Y4C-1 tumor cells 
Mixed leukocyte response (MLR) to allogeneic leukocytes 
Cytotoxic T lymphocyte (CTL) response to P8 15 tumor cells 
T cell mitogenic response to concanavalin A (Con A) 
B cell mitogenic response to lipopolysaccharide (LPS) 
Delayed hypersensitivity response to keyhole lymphet hemocyanin 
Surface marker expression including SIg. Thy 1.2. CD4. and CD8’ 
Peripheral leukocyte counts 
Spleen cellularity (nucleated cells) 
Thymus/body weight ratio 
Spleen/body weight ratio 

a For details see Luster er al., 1988; Dean e! al. 1989. 
* Morbidity is defined as “adequate indication that the animal may not 

survive until the next observation as judged b) an experienced laborator! 
animal specialist” as described bl Rao and Huff. 1990, and hence, consid- 
ered categorical (dichotomous) data. 

’ Surface marker expression is used to deline lymphocyte subpopula- 
tions: Slg’, B lymphocytes; Thy 1.2’, T lymphocytes; CD4, helper/inducer 
T lymphocytes; CDS, suppressor/cytotoxic T lymphocytes. 

(converted from the probability scale 0- 100) where, br example, a is the 
number of times that the immune and host resistance tests were affected 
and c is the number of times that the immune test was affected withoul 
affecting host resistance. Specificity represents the probability of correctly 
identifying chemicals that do not affect either parameter while concor- 
dance is the probability of making a correct decision regarding host resis- 
tance using the immune assay(s) as the sole parameter. Ordinal classihca- 
tions for mutagenicity and carcinogenicity have been formed by the NTP, 
IARC, and other programs and agencies for many of the same chemicals 
(e.g.. Tennant er al.. 1987). Fisher’sexact test was used to assess the statisti- 
cal significance of the concordances (Fleiss, 198 I). 

A second series of analyses was conducted to establish whether the host 
resistance and immune function relationships exhibit behavior which sup 
ported a “nonlinear” or “threshold-like” model for dose response. In this 
exercise, the “nonlinear” models arise from the risk assessment literature 
and not the statistical literature (Portier, 1990) and refers to models which 
have a slope of zero for dose-response at dose zero when dose is expressed 
on the arithmetic scale. Logistic regression modeiling was used for assays 
in which the responses were portrayed as proportions (e.g., survival). For 
asSays with more continuous responses (e.g.. parasitemia or tumor counts), 
standard regression techniques were applied. In both cases, two different 
models were fit to the data; a linear model (figs. IA or 1 B) and a linear- 
cluh-atic model (Figs. IC or ID). The linearquadratic model allows for 
‘threshold-like” dose-response; when the linear parameter is estimated to 
be mo, the slope of this model at dose zero is zero. In the standard regres- 

sion framework, if the independent variable, X, is the immune function 
response expressed as a relative change from the control values, and Y(X) 
is the response from the assay, then the linearquadratic model can be 
expressed as 

Y(x) = alq + P,,J + Y,J2 + &,* (1) 

where a, 8, y are parameters to be estimated and E,, accounts for the 
random noise in the data. The linear model can be expressed as 

Y(x) = a, + /3,x + E,, (2) 

where the parameters are similar to those in Equation I. In the logistic 
regression framework, a similar model is used except the logit of the re- 
sponse proportion, P(x). is written as 

ln fY.4 
I-p(x)’ 

and P(x) is substituted for Y(x). To test for the importance of sigmoidicity 
in the data, we tested the hypothesis that 1 ,q = 0, and chose the linearqua- 
dratic model if yls was significant11 different from 0 and chose the linear 
model if it was not. Instead of the usual p 6 0.05 significance level for 
testing. p G 0.10 was employed, which is a more common level of testing 
for goodness of fit. Subjective visual methods were also used to assess 
curvature. but these results did not differ markedly from the objective, 
statistical approach presented here. 

0.0 

Immune Responses (% control) 

FIG. 1. Examples of logistic models exhibiting linear (sigmoidal: A, B) 
or linearquadratic (threshold; C, D) relationships. 
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In order to better evaluate dose-response relationships for risk assess- 
ment for immunotoxicology, it was important to establish the change, 
S(x). in immune function responses which would result in a relative 
change of * in host resistance. This can be expressed mathematically as the 
value of A(Z) which satisfies the formula 

(3) 

for the logistic regression model and 

n = YII + %*)I - Y(I) 
Y(l) (4) 

for the standard regression model. Since changes relative to the control 
responses are examined, Y( 1) is used to denote the host resistance response 
at the control immune function response. 

Given a change T in the probability of survival, it is possible to deter- 
mine the associated value for J(n). For example, a linear model was sufh- 
cient to describe the relationship between L. monocyrogenes resistance and 
changes in the antibody PFC response. For this model, we estimated LY, = 
I .80 and p, = 1.95. It then follows from (2) that 

E[Y(x)] = 1.80 + 1.95x 

where [Y(X)] is the expected (average) response. In this instance, the linear 
logistic model is 

P(x) = 
e-1.8o+1.95x 

, + e-1.8o+1.95r ’ 

where .r is the PFC response in terms ofpercentage control. It would follow 
that 

P[A(r) + I] = 
e-l.80+l 9yy*j+,, e-1.w+1 95 

, + e-I.w+l 9JIO(rl+ll and P(1) = , + e-uo+1.9J . 

Hence, if r = -0.05 (e.g., if the change in probability of Listeria survival is 
a 5% decrease), then 

In 

( 

-0.05 + em' m+' " 

1 
+ 

1 0.05 
1.80 - 1.95 

+ 
A(*) = = 

1.95 
-0.048. 

This implies that a 4.8% decrease from control in the PFC response would 
yield a 5% decrease from control in the probability of Listeria survival. The 
confidence intervals on these predictions were derived using the method 
outlined by Brand ef al (1973). 

RESULTS AND DISCUSSION 

Despite overwhelming experimental and clinical evi- 
dence that increases in neoplastic and/or infectious disease 
occur in animals and individuals with secondary immuno- 
deficiency (e.g., Austin et al., 1989; Ehrke and Mihich, 
1985) neither the most appropriate immune endpoints for 
predicting clinical disease nor the quantitative relationship 
between immune function changes and impairment of host 
defense are clearly defined. For example, it would be useful 

to determine whether certain immune endpoints (or qttan- 
tity of changes) predict certain outcomes (e.g., increased 
susceptibility to influenza and decreased antibody re- 
sponses). A better understanding of these relationships 
would be particularly beneficial for risk assessment since 
changes in immune function are more readily quantifiable 
in populations at risk than are changes in the frequency or 
severity of clinical diseases, such as severity of infections. A 
particularly relevant question for risk estimation is whether 
increases in host susceptibility to challenge agents follow 
linear or “threshold-like” models as a function of increased 
immunosuppression. While terms such as immune reserve 
and immunological redundancy certainly are applicable 
when examining individual responses, it is unclear how 
these would apply in large populations. Since the potential 
outcomes from immunosuppression are increases in infec- 
tions or neoplastic diseases, and there already exists a back- 
ground incidence of these diseases in the population (e.g., 
Morbidity and Mortality Weekly Report, 1990) it would 
be helpful to determine the additional frequency of disease 
that would be associated with increasing changes in im- 
mune response:. 

Correlation between immune tests and altered host resis- 
tance. Utilizing the NTP immunotoxicology rodent data 
base, as well as specifically designed data sets, we have at- 
tempted to address some of the above issues. Initially, analy- 
ses were conducted to establish the concordances between 
potential immunotoxic chemicals and altered host resis- 
tance. The values shown in Table 2 indicate that com- 
pounds which produce no evidence of changes in immune 

TABLE 2 
Association of Each of the Host Resistance Models 

with the Immune Tests 

Frequency 

Challenge No. of Specificity Sensitivity Concordance 
agent tests -/- +/+ total 

L. monocylogenes 34 
PYB6 tumor 24 
S. pneumoniae I9 
Bl6FIO Melanoma 19 
Plasmodium yoelii 1 1 
Influenza 9 

Any of the aboveb 46 

100 52 65’ 
loo 39 54 
100 38 58 
100 40 68 
100 38 55 
100 17 44 

100 68 78’ 

’ Frequencies are defined as specificity, the percentage of nonimmuno- 
toxic chemicals yielding no effect on the host resistance models; sensitivity, 
the percentage of potential immunotoxic chemicals yielding a change in a 
host resistance model; concordance, percentage of qualitative agreement. 

b Frequency calculated on any of the host resistance models. For 
B I5F 10 data. CPM rather than the number of nodules were used to deter- 
mine significance. 

’ Agreement statistically significant at p < 0.05 by Fisher’s exact test. 
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response are no: very likely to affect host resistance ( 100% 
specificity). However, compounds considered potential im- 
munotoxicants have, at best. a 50% chance of affecting a 
host resistance test (sensitivity) which accounts for the rela- 
tively low concordance values. It should be noted, however, 
that for any compound tested. data from only two host 
resistance models were normally obtained. When this is 
minimized by using a host resistance classification based 
upon at least one positive host resistance test for the chemi- 
cal studied, the sensitivity and subsequent concordance in- 
creased to 78%. The above values were based upon our 
described criteria of an immunotoxic chemical which ad- 
mittedly is liberal. Thus, although a compound which may 
only cause a 10% decrease in CD4+ cell numbers at the two 
highest dose levels tested may be considered positive by our 
criteria, it would have questionable clinical significance. 

We then determined the ability of individual and pairs of 
immune tests to predict host resistance. For these studies, a 
compound was considered to alter host resistance if it re- 
sulted in a change (p < 0.05) in one or more ofthe challenge 
models in the high-dose group (Appendix A). The concor- 
dance values for individual tests are given in boldface on 

the diagonal of the matrix in Fig. 2. Although none of the 
individual tests were remarkable, many ofthe immune tests 
provided a relatively good association with changes in host 
resistance (i.e., >70%) with DHRs being the best. Several of 
the tests, such as leukocyte counts and lymphoproliferative 
response to LPS, were poor predictors for host resistance 
providing concordance values of approximately 50%. Fig- 
ure 2 also provides concordance values for combinations of 
two tests (off-diagonal element) where a positive response 
was given when either test was positive. In almost all cases, 
concordance was increased from that obtained using indi- 
vidual tests. Pair-wise combinations which included either 
the PFC response, surface markers, or DHRs usually dem- 
onstrated higher concordances with the host resistance tests 
than other pairs. 

In another analysis, which included chemical dose as an 
additional variable, the relationship between the immune 
and host resistance tests was examined for interdependence 
using Kendall’s nonparametric rank correlation test (Fleiss, 
198 1). Figure 3 summarizes the results of this analysis for 
each immune assay and host resistance test where sufficient 
data were available for evaluation. As a cautionary note, the 

FIG. 2. Individual and pair-wise concordance to establish predictability of individual immune tests for any host resistance change. Values are 
Presented as percentage concordance with individual concordance values shown in boldface on the diagonal of the matrix and combinations using two 
tests on the off-diagonal element. Individual chemical immune test results have been reported previously (Luster ef al., 1992). Individual chemical host 
resistance tests can be found in Appendix A. 

i 
-1 
. . ? 
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FIG. 3. Correlation coefficients between host susceptibility and im- 
mune function changes as determined by Kendall’s correlation. The num- 
ber in parentheses represents the number of data points (chemicals plus 
dose levels) used to derive the values, 'p < 0.05, **p < 0.0 I. 

significance given to the correlation values is dependent 
upon the number of tests conducted for each of the compari- 
sons. In most cases, multiple immune effects were asso- 
ciated with a decrease in a specific challenge model, and the 
changes in immune responses were generally consistent 
with the immune mechanisms associated with resistance to 
that particular agent. For example, increased susceptibility 
to PYB6 tumor cell challenge was associated with a de- 
crease in NK cell activity and cell-mediated immune re- 
sponses (i.e., MLR, CTL, Thy 1.2’ numbers). A notable 
exception to this was a lack of association between NK cell 
activity and resistance to Bl6FlO melanomas. It was also 
apparent that a loss in the ability to generate normal anti- 
body responses correlated with increased susceptibility to 
L. monocytogenes, S. pneumoniae. or Plasmodium yoelii. 
Decreases in NK cell activity correlated only with altered 
resistance to L. monocytogenes or PYB6 tumor formation. 

Taken together, these data suggest that a good correlation 
exists between the immune assays and the host resistance 
tests in that host resistance changes occur only when im- 
mune changes are present. However, immune changes can 
arise in the absence of alterations in host resistance and this 
implies that either the immune tests are more sensitive than 
host resistance or that certain immune tests are predictive 
for only certain host resistance tests. If the latter is true, then 
increasing the number of host resistance tests used to evalu- 
ate a chemical should increase the concordance between 
the two functions, which was suggested from our analysis. 
These data also indicate that some immune tests are more 
predictive of a change in host resistance than others, but no 
single test is exceptionally predictive. It is conceivable, how- 
ever, that either a large change in one immune parameter or 
lesser changes in multiple immune parameters may be suf- 
ficient to alter a specific challenge model. Although it is 
unlikely that a single immune test can be used to predict 
clinical disease, immune function/host resistance associa- 

tions are not totally random. For instance, studies in hu- 
mans with primary and secondary immunodeficiency have 
shown that individuals with deficient antibody responses 
are susceptible to acute pyrogenic infections such as Pseu- 
domonas, Staphylococci, and Streptococci. Also, individ- 
uals with defects in cell-mediated immunity are prone to 
develop generalized infection from intracellular pathogens 
and neoplastic diseases. General associations of this type 
were also observed in the present studies employing Ken- 
dall’s correlation. 

The influence of dose of the challenge agent. A major 
purpose for undertaking these analyses was to characterize 
the quantitative relationship(s) between the various im- 
mune and host resistance tests. Two variables which could 
potentially confound this relationship are the virulence and 
amount of the infectious agent. These remain a constant for 
most individual experimental studies, but may vary be- 

50 
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0 4x1 O4 Tumor Cells 

A 2~10~ Tumor Cells 

A 1~10~ Tumor Cells 
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FIG. 4. Effects of cyclophosphamide on PYB6 tumor formation as a 
function of tumor cell challenge. Groups of mice were administered a 
single ip injection of saline, 50 or 200 mg/kg cyclophosphamide, followed 
48 hr later by subcutaneous injection ofeither 1 X IO4 (A), 2 X IO’(A), 4 X 
IO’ (0) or R x IO4 (0) PYB6 tumor cells. The data are presented as the 
percentage of animals that develop palpable tumors within 60 days. Each 
point represents 20 mice. 'p < 0.05 or **p < 0.0 I vs vehicle-treated group 
by Fisher’s exact test at same time point given equal numbers of tumor 
cells by Fisher’s exact test. 
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FIG. 5. Elfects of cyclophosphamide on immune and host resistance parameters, Female B6C3FI mice were injected with a single ip injection of 
cyclophosphamide at doses ranging from 0 to 200 mg/kg and immune assessment was initiated 48 hr later as described under Materials and Methods. (.A) 
L. monocyfogcnes morbidity (n = lOO/group); (B) PFC response to SRBCs or spleen cellularity (n = 19/group);(G) CTL response (n = 19/group);(D) S. 
pnenmoniac morbidity (n = IO/group); (E) spleen lymphocytes expressing Thy l.-, 3 SIg, CD4, or CD8 (n = 19/group): (F) lymphoproliferative responses 
to Con A or LpS (n = lo/group): (G) tumor development in response to PYB6 tumor cell transplant (n = 2O/group); (H) mixed leukocyte response (n = 
IO/group); (I) thymus/body weight ratios (n = 19/group). 

tween experiments as well as in the human population. For numbers of PYB6 tumor cells. Even vehicle-treated mice 
example, in the general population one can assume that an developed a high frequency of tumors provided the chal- 
infectious disease such as influenza may develop in any lenge was sufficiently high (i.e., 8 x lo4 tumor cells). In 
individual, independent of their immune capacity or prior contrast, severely immunosuppressed mice (high-dose cy- 
immunization, provided that the virulent; or quantity of clophosphamide) developed an increase in tumor frequen- 
the challenging agent is sufficient to overwhelm the defen- cies at all PYB6 tumor cell challenge levels. The low-dose 
sive capacities. This is illustrated experimentally in Fig. 4 cyclophosphamide-treated groups were of particular inter- 
where groups of mice pretreated with either vehicle (saline), est where evidence of increased susceptibility appeared but 
50 mg/kg cyclophosphamide (inducing minimal immuno- only as a function of the tumor cell concentration. Assum- 
suppression), or 200 mg/kg cyclophosphamide (inducing ing a large enough population is exposed and variability 
severe immunosuppression) were administered various exists in the challenge dose, these data imply that even 

TABLE 3 
Most Appropriate Relationships Describing the Host Resistance and Immune Tests 

Immune test 

Host resistance test PFC CTL MLR Con A LPS slg’ Thy 1.2’ CD4’ CD8’ Thy/BW 

L. monocyrogenes L L-Q LQ L L L-Q L-Q L-Q L L-Q 
PYB6 Tumor L L L L L L-Q L L L L 
s. pneumonias L-Q L L-Q L L L-Q L L L N 

N~re. Abbreviations used: PFC, plaque-forming cells/IO6 nucleated cells; SIg’, Thy 1.2’, CD4’. CD8’. cell surface antigens for B, T, helper/inducer, 
cytotoxic/suppressor splenic lymphocytes; MLR, mixed leukocyte response; CTL, cytotoxic T lymphocytes; Con A, concanavalin A, LPS, lipopolysac- 
charide; Thy/BW, thymusbody weight ratios; L, linear parameter is needed; L-Q linearquadratic is needed:, N, neither model is appropriate. 
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small changes in immune function could increase the likeli- 
hood of disease. There was no treatment-related affect on 
time to tumor appearance. 

Development of models to establish quantitative relation- 
ships between immune and host resistance tests. In order 
to develop appropriate mathematical models to assess the 
relationship between the immune and host resistance tests, 
it was necessary to analyze a data set in which immunotoxi- 
city could be examined over a wide dose range for a chemi- 
cal agent. This was not possible using routine studies which 
employed, at most, three chemical dose levels. Therefore, a 
study was designed using the broad-spectrum immunotoxic 
compound, cyclophosphamide (see Materials and Methods 
and Fig. 5 legend for details). While all of the immune pa- 
rameters examined showed a significant dose-related de- 
crease, several parameters, including Listeria susceptibility, 
the antibody PFC response, and, to some extent, surface 
marker expression, were enhanced at low doses prior to 

inhibition. This was not unexpected since a number of r+ 
ports have shown that immune stimulation occurs at low 
dose levels of cyclophosphamide and has been attributed to 
the greater sensitivity of T-suppressor cells to cyclopho+ 
phamide compared to other immune cells (Turk and 
Parker, 1982). 

Using either logistic regression or standard regression, 
linear and linear-quadratic models (see Fig. 1) were fit to 
these data to establish which model most accurately de- 
scribes the relationship between each of the host resistance 
and immune function assays. The results of these analyses 
utilizing the cyclophosphamide data set are summarized in 
Table 3. Most of the immune-host resistance relationships 
appeared to approximate a linear model although certain 
immune tests, such as B cell numbers and streptococcal 
challenge have a significant degree of nonlinearity. Table 4 
provides the parameter estimates for the most appropriate 
model for each relationship studied and were used to de- 
velop the values shown in Table 3. 

TABLE 4 
Parameter Estimates for the Host Resistance Models Derived from the Cyclophosphamide Data Set 

Host resistance 
assay 

Immune 
test 

Intercept 
parameter 

(a) 

Linear 
parameter 

(8) 

Quadratic 
parameter 

C-r) 

Fit of the 
model to the 
I8 Chemical 

data set” 

L. monocytogenes 

PYB6 Tumor 

CD4+b 
CD8’ 
Thy l.2+ 
slg’ 
Con A 
LPS 
PFC 
MLR 
CTL 
Thymus/BW 
CD4’ 
CD8’ 
Thy 1.2‘ 
sIg+ 
Con A 
LPS 
PFC 
MLR 
CTL 
Thymus/BW 
cD4+ 
CD8’ 
Thy 1.2’ 
sIg’ 
Con A 
LPS 
PFC 
MLR 
CTL 
Thymus/BW 

-7.448 17.2189 
-2.0395 2.718 
-5.5497 12.1596 
-3.3 179 7.8315 
-2.5639 2.7903 
-3.4056 3.7609 
-1.7967 I .9529 
-8.4322 24.6678 
- I.936 7.7635 
-7.4597 20.0424 
- I .4539 2.6199 
-1.7390 2.7162 
-1.3414 2.4458 
-2.245 I 7.3977 
-2.0113 3.2686 
- I .9064 2.9263 
-0.6298 I.1861 
-I .7328 4.506 

0.0188 1.287 
-2.405 1 3.9576 
-0.862 I 3.8 149 
- I .6262 4.4507 
-0.8376 3.7934 
-2.3966 13.5029 
-1.9401 5.8436 
-2.1769 5.9074 
-0.7780 7.5494 
-2.6 I86 14.9272 

2.0014 2.3256 
- - 

-8.7348 
- 

-5.6226 
-3.4658 

- p = 0.40 
- 
- 

-16.1513 
-5.3727 

- 12.2548 
- 
- 
- 

-3.8174 

p = 0.40 
p = 0.96 

- 
- 
- 

-1.0016 
0.1625 
- 
- 
- 
- 

-7.95 I7 
- 
- 

-3.6261 
- 10.2 

-2. I773 
- 

’ Only p values greater than 0.01 are shown. 
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For each pair of host resistance and immune function 
tests that could be fit by one of the two logistic models, the 
mathematical function representing the relative difference 
was developed. For example, the model representing the 
relationship between L. monocyfogenes resistance and CD4 
cell number can be shown in mathematical terms as: 

ALM = 
e-(7.448+17.22ACD4-8.73ACD42) 

, + e-(7.448+17.22ACD4-8.73ACD42) ’ 

where ALM represents the percentage change over control 
in L. monocytogenes resistance and XD4 represents the 
percentage change over control in CD4 cell number. This 
function provided the opportunity to establish the quanti- 
tative relationship between each of the immune function 
and host resistance tests examined in the cyclophospha- 
mide studies. The values presented in Table 5 show the 
percentage change in various immune tests that yielded ei- 
ther a 5, 10, or 20% decrease in the probability of altering 
host resistance along with confidence levels. For example, a 
5% decrease in resistance to L. monocytogenes, relative to 
controls, would be reflected as a 4.7% decrease in the PFC 
response with confidence levels ranging between 3.7 and 
6.5%. The probability values for the LPS response are not 
shown since they were essentially the same as those for Con 
A. As can be construed from these data, the actual esti- 
mated changes for most of the immune tests were similar 
between host resistance assays, but the confidence levels 
showed considerable variability. For example, the decrease 
in the PFC response resulting in a 5% decrease in host resis- 
tance was 4.7, 6.6, and 8.2% for L. monocytogenes, PYB6 
tumors, and S. pneumoniae, respectively, while the upper 
confidence limits were 6.5, 19.2, and 36.5%, respectively. 

Quantitative relarionships using the NTP data set. A 
series of analyses was conducted to compare and apply the 
relationships established between the immune and host re- 
sistance tests in the cyclophosphamide data set to those ob- 
tained using the NTP data set. Rather than using all 5 1 
compounds studied by the NTP, an 18 chemical subset was 
selected (indicated with asterisk in Appendix A). These 
chemicals were selected on the basis of completeness of the 
data set and represent a broad spectrum of immunotoxi- 
cants for which similar methods were employed. A likeli- 
hood ratio test was used to compare the parameters derived 
from the cyclophosphamide data to the best estimates from 
the combined 18 chemical data base. When analyzed as 
percentage of control response, the data sets were in rela- 
tively poor agreement. Of the 30 relationships evaluated, 
only 3 of the cyclophosphamide models studied fit the 18 
chemical database (Table 4, last column). This illustrated 
that the relationships between host resistance and immune 
hnction observed for one compound or class of chemical 
agents may not be easily extrapolated to other agents. The 
components of the immune system have varying levels of 
interlocking and independent roles in host resistance and a 

TABLE 5 
Changes in Immune Tests and Confidence Intervals Corre- 

sponding to Given Relative Differences in Host Resistance Uti- 
lizing the Cyclophosphamide Data Set 

Host Resistance 
test Immune test 

Relative decreased host resistance 
(confidence interval) 

5% IO% 20% 

L moncq7ogenec CD4’ 

CDS’ 

Thy 1.2’ 

Slg’ 

Con A 

PFC” 

MLR 

CT1 

Thymus/BW 

PYB6 Tumor CD4’ 

CD8’ 

Thy 1.2’ 

Slg’ 

Con A 

PFC 

MLR 

CTL 

ThymusJBW 

S pnt-umoniar CD+’ 

CDX’ 

Thy 1.2’ 

Slg’ 

Con A 

PFC 

MLR 

Cl-L 

Thymus/BW 

I I.6 14.7 
(3.0-2 1.4) (5.7-23.6) 

2.1 5.4 
(1.9-4.9) (3.7-9.7) 

5.5 9.5 
(2.7-13.2) (5.2-l 7.0) 

8.2 13.2 
(3.1-14.5) (6.0- 18.8) 

3.2 6.4 
(I .9-7.2) (3.8-14.5) 

4.1 9.5 
(3.7-6.5) (7.4-13.0) 

50.3 51.6 
(37.8-56.9) (39.3-58.2) 

67.8 69.7 
(19.4-76.7) (26.0-78.6) 

32.3 34.9 
(6.4- 100) (12.3-100) 

2.5 4.8 
(1.3-7.9) (2.7-l 5.7) 

2.5 4.9 
(I .3-8.6) (2.6-17.1) 

2.7 5.3 
(1.5-8.7) (2.9-17.2) 

16.5 20.4 
(2.6-43.7) (5.1-46.5) 

1.9 3.8 
(1 .O-7.8) (2.0-15.5) 

6.6 13.0 
(3.7-19.2) (7.4-38.2) 

1.7 3.2 
(1.0-4.3) (I .9-8.4) 

9.6 18.9 
(26-153) (52-302) 

1.5 3.0 
(0.7-39.7) (I .3-7.9) 

1.4 2.6 
(0.6-65.5) (1.3-129) 

I.2 2.3 
(0.6- 15.5) (1.1-30.4) 

1.4 2.7 
(0.7-41.3) (1.3-81.1) 

48.6 49.8 
(I .7-6 I .3) (3.2-63.4) 

0.9 1.7 
(0.548) (0.9-I 3.3) 

8.2 Il.6 
(2.5-36.5) (4.8-40.7) 

4.6 8.0 
(0.7-88.1) (I .5-89.0) 

90.4 177 
(NW (ND) 

1.4 2.7 
(0.7-41.3) (1.3-81.1) 

19.1 
(10.3-27.2) 

10.6 
(7.1-19.1) 

15.6 
(9.5-23.0) 

20.5 
(I 1.2-25.7) 

12.8 
(7.5-29.2) 

18.9 
(14.8-26.1) 

53.4 
(42. I-60.8) 

73.1 
(34.9-82.1) 

39.4 
(22.6- 100) 

9.4 
(5.1-30.8) 

9.6 
(5. I-33.7) 

10.3 
(5.6-34.0) 

25.9 
(9.8-52.6) 

1.2 

(3.8-30.7) 5 
25.6 -1 

(14.5-75.7) : 6.2 1 

(3.7-16.3) ; 
36.6 

INDY 
5.7 

(ND) 
5.1 

(2.5-250) 
4.4 

(2.2-58.8) 
5.1 

(2.5-157) 
52.0 

(6.2-67.8) 
3.2 

(1.7-25.7) 
16.2 

(8.7-48.2) 
12.1 

(2.9-90.8) 
340 

(ND) 
5.1 

(2.5- 157) 

’ Abbreviations used: PFC, plaque-forming cells/IO6 nucleated cells; 
Slg’, Thq I .2+, CJW, CDS’, cell surface antigens for B, T, helper/inducer, 
cytotoxic/suppressor splenic lymphocytes; MLR, mixed leukocyte re- 
sponse; CTL, cytotoxic T lymphocytes; Con A, concanavalin A; Thymus/ 
BW, thymus:body weight ratios. 

’ ND, Not determinable due to divergence of parameters. 

more mechanistically based approach for modeling this re- 
lationship will need to be undertaken. Computer models 
attempting to describe the relationships between the 
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various immune components have recently been under- 
taken (Celada and Seiden, 1992). 

Conclusions. While these studies begin to provide in- 
sight into the qualitative and quantitative relationships be- 
tween immune function and host resistance, there are a 
number of limitations in the analyses. For example, addi- 
tional experimental studies, such as that conducted with 
cyclophosphamide using a large number of dose levels, will 
be required using other immunosuppressive regimens with 
different modes of action to provide additional clarification 
of the quantitative relationships. Particularly useful in such 
studies would be immunosuppressive compounds that pro- 
duce unique “immunological profiles” such as those that 
may be selective for specific components of the immune 
system (e.g., cyclosporine). Another difficulty in establish- 
ing quantitative relationships stems from the redundancy 
of the immune system which is typified by the involvement 
of multiple immune components when responding to 
various foreign challenges. This is confounded in immuno- 
toxicology studies due to the assumed nonspecificity for 
most chemical-immune interactions and will require a 
more mechanistically based approach for modeling. Thus, 
for some chemicals decreased antibody PFC responses par- 
alleled increased susceptibility to L. monocyfogenes infec- 
tion while in other studies increased susceptibility occurred 
in the absence of any detectable effect on the PFC response, 
presumably affecting other cell components such as NK 
cell activity or CTL responses. It is also likely that an accu- 
mulation of “modest” effects on multiple immune compo- 
nents will be sufficient to alter host resistance. In addition 
to other chemical agents, additional analyses using other 
animal species and/or immune tests will also aid to further 
define the described relationships. 

Taken together, the major observations from these analy- 
ses are the following: (1) A good correlation exists between 
changes in the immune tests and altered host resistance in 

that there were no instances when host resistance was al- 
tered without alGcting immune test(s). However, in many 
instances immune changes may be observed in the absence 
of detectable changes in host resistance. This can be inter- 
preted to reflect that immune tests are, in general, more 
sensitive than the host resistance assays. (2) We could not 
identify any single immune test that can be considered 
highly predictive for altered host resistance. However, 
many of the assays, including DHRs, were good indicators 
and others, such as proliferative response to LPS and leuko- 
cyte counts, were relatively poor indicators for host resis- 
tance changes. Combining several immune tests (see Fig. 2) 
only slightly increases the ability to predict host resistance 
deficits. (3) Considering that there exists a “background” 
level of infectious diseases in the population, it is possible 
that any change in immune function would translate to a 
change in host resistance given that the population exposed 
is large enough. This can be shown experimentally (see Fig. 
4) but would be difficult to demonstrate in a clinical study 
where “infectivity” (i.e., virulence and dose of infectious 
agent) cannot be controlled. (4) Logistic and standard re- 
gression modeling, using the cyclophosphamide data set in- 
dicated most immune function-host resistance relation- 
ships can be adequately described by a linear (in low dose) 
model (Table 3). For some pairs, this relationship could be 
confirmed using the 18 chemical data set. However, with 
most pairs it was not possible to establish the most appro- 
priate model. (5) Finally, using the cyclophosphamide data 
set we have developed methods for modeling quantitative 
relationships between changes in selected immune tests and 
host resistance tests. It is impossible, at present, to deter- 
mine how applicable these values will be for immunotoxic 
compounds with different immune profiles. However, as 
more analyses become available based upon unique im- 
mune profiles, our ability to estimate more accurately po- 
tential clinical effects from immunological tests should in- 
crease. 

APPENDIX A 

Immunotoxicology Data Base 

Host resistance assap 

Test article CAS No. Route 

Length of B16FlO 
CKpOS”PZ PYB6 Tumors 

(days) Listeria Tumon (CPM/lung) Phmodum 

.4cetonmle 
Aldicarb oxrme’ 

Ally1 sovalerate 
AEXIle* 
.Azathmpnne” 
Benzldim? 

Benzda)pyrene* 
BenzoWpyrene 
&knzyl-jxhlorophenyl 
I-Butylhydmquinone 

75-05-g 

Il6-M-3 
28X5-39-4 
1784-42-l 
446-86-6 
92-87-5 
5&32-8 
192-97-2 

IZC-32-I 
1948-33-O 

INHAL 
GAY 
GAV 
lNH,4L 
IP 
GAV 
SC 
SC 
SP 
GAV 

14 N 
14 - 

10ovcr 14 - 

14 + 

22 over 30 N 
5 + 

14 + 

14 
14 N 
14 N 

N 
N 
N N 
N N 
N N 
+ N 

+ 

N - 

N 
N 

lmmunotoxicology 
.9reptococcus Influenza classificationd 

-__-_~ 

N N - 
N 

N N - 
N N + 
N N + 
N N + 
+ + 

N N 
N 
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Host resistance assar’ 

Test article CAS No. Route 

Length of B16F10 
exposlm PYB6 Tumors Immunotoxicology 

WYS) Listeria Tumors (CPM/lung) Phmodum Sfrepfococcus Influenza classificationd 

Cadmium chlondc 
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No&. ABBREVIATIONS: INHAL, inhalation; GAV, gavage; IP, intraperitoneal; SC, subcutaneous; WATER, drinking water; FEED, feed; INTRA, 
intratracheal installation; SP, dermal. 

* Included in the I8 chemical data set. 
’ Positive (+), negative (-), or not done (N) as defined under Materials and Methods. 
h Represents compounds in which no host resistance tests were conducted and, thus, not included in the Table 2 analyses. 
’ The mixture consisted of 25 common groundwater contaminants frequently found near toxic waste dumps as determined by EPA surveys. For details 

See Getmolec et al. (I 989). 
d From Luster et al., 1992. 
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EFFECTS OF TOLMETIN SODIUM DIHYDRATE ON NORMAL AND 
POSTSURGICAL PERITONEAL CELL FUNCTION 
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Abstracl - Recent studies utilizing intraperironeal (i.p.) administration of NS41Ds to rabbits after surgical 
injury to the parietal peritoneum demonstrated macrophage involvement. NSAlDs are known to inhibit the 
metabolism of arachidonic acid to prosraglandins, which in turn modulate a variety of macrophage 
functions. Studies presented here examine the effects of tolmetin administration on peritoneal resident and 
post-surgical leukocyte functions, such as phagocytosis, the release of superoxide anion and tumoricidal 
activity. Rats, either non-surgical or following peritoneal surgery, were injected i.p. with tolmetin. At 
various times after treatment, the rats were sacrificed and peritoneal cells collected by lavage. The phagocytic 
capability of peritoneal leukocytes was transiently decreased 5 - 7 days after the administration of tolmetin 
to normal animals. However, administration of tolmetin during surgery extended the length of time that 
phagocytic capabilit) was enhanced. In non-surgical controls, there was an elevation in superoxide anion 
release and tumoricidal activity 24 h after tolmetin administration. Superoxide anion release was suppressed 
at days 5 and 7 after treatment, but returned to control levels by da) 14. lntraoperatlve administration of 
tolmetin significantly elevated superoxide anion release at days 3 and 5. phagocytosis at days 7 and 14 and 
tumoricidal activity at day 3. These studies suggest that compounds which suppress prostaglandin synthesis 
can modulate the function of resident and post-surgical peritoneal cells. 

. 

Recent studies indicate that perioperative 
administration of nonsteroidal anti-inflammatory 
drugs (NSAIDs), including ibuprofen, can reduce 
adhesion formation after peritoneal surgery 
(Nishimura, Nakamura Br dizerega, 1983, 1984). The 
formation of adhesions is a major cause of infertility 
and post-operative pain in women. Therefore, a drug 
which would reduce the severity or even prevent 
post-surgical adhesion formation would be of 
clinical value (Ellis, 1971). However, before a drug 
can be utilized in this clinical setting, potential 
toxicologic manifestation must be determined. 
NSAIDS are known to inhibit the cyclooxygenase 
pathway responsible for the metabolism of 
arachidonic acid to prostaglandins (Vane, 1971; 
Flower, Gryglewski, Herbaczynaska-Cedro & Vane, 
1972). Prostaglandins mediate events which occur 
during the generation of inflammation including 
leukocyte infiltration, edema formation and 
endothelial cell pro-coagulant activities (Randall, 
Eakins & Higgs, 1980). A decrease in prostaglandin 
synthesis could, in turn, lead to a decrease in these 
inflammatory parameters (Randall et al., 1980). If 

events mediated by prostaglandins are necessary for 
wound healing and defense against infection, then 
administration of a drug which prevents 
prostaglandin synthesis might interfere with these 
processes. Therefore, the effects of acute 
intraperitoneal (i.p.) administration of tolmetin on 
immune parameters involved in the clearance of 
damaged tissue and infection were studied. These 
include phagocytosis of opsonized particles and 
quantitation of the respiratory burst potential of 
peritoneal cells through superoxide anion release. In 
addition, since macrophages activated for 
microbiocida! activites are also tumoricidal, the 
ability of peritoneal exudate cells to cytolyse 
radiolabelled tumor cells was also examined. 

EXPERIMENTAL PROCEDURES 

Animals 
Female rats were obtained from Simonson 

(Gilroy, CA) and housed in metal cage racks. The 
animals were given food and water ad libitum and 

III 
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placed on a 12 h light/dark cycle. In order to 
examine the effects of tolmetin sodium dihydrate on 
the peritoneal cells of normal animals, 1 ml of saline 
containing 0.0.3, 1 .O, 30.0, 10.0 or 30.0 mg tolmetin 
(McNeil Laboratories, Spring House, PA) was 
injected i.p. at day 0. At various times after 
administration, the animals were sacrificed by CO, 
asphyxiation to minimize bleeding into the 
peritoneum which frequently occurs after cervical 
dislocation. Following sacrifice, cells were obtained 
by peritoneal lavage as described below. 

To examine the effects of tolmetin on peritoneal 
exudate cells after surgery, animals underwent 
peritoneal trauma. The animals were anesthetized by 
intramuscular injection of 0.15 ml ketamine- 
acepromazine (Western Medical Supply, Arcadia, 
CA), then underwent a midline laparotomy followed 
by abrasion of the parietal peritoneum along the 
lateral aspect of the abdomen with sterile gauze until 
punctate bleeding occurred. The peritoneum and 
abdominal musculature were then closed with one 
layer of 4 -0 Ethilon monofilament sutures 
(Ethicon, Somerville, NJ). Drug was then injected 
through the first layer of sutures and the skin closed 
with a second layer of continuous sutures. At various 
times after surgery the rats were sacrificed and 
peritoneal exudate cells collected by peritoneal 
lavage. 

Compound 
Tolmetin sodium dihydrate was a gift from 

McNeil Laboratories (Spring House, PA). Tolmetin 
powder was readily soluble in physiologic saline at a 
concentration of 30 mg/ml. The solutions were 
prepared within I h of injection and passed through 
a 0.22 PM filter just prior to injection. 

Monolayer preparation 
.4fter sacrifice, the abdominal muscle was 

exposed, drawn away from the abdominal organs 
and 10 ml of ice cold, sterile phosphate-buffered 
saline injected via an 18 gauge needle. The abdomen 
was then massaged for approximately 1 min and 
7-9 ml of lavage fluid withdrawn. 4ny samples 
containing blood or signs of infection were omitted. 
The number of viable nucleated cells was then 
determined by the enumeration of cells excluding the 
vital dye, trypan blue, in a hematocytometer field. 
Cells were pelleted by centrifugation at 1100 
rotations/min for 10 min and then resuspended at 
2 x 10h nucleated cells/ml in RPM1 1640 
supplemented with 4 mM glutamine, 10% heat- 
inactivated fetal calf serum and antibiotics (pencillin, 
streptomycin and fungizone) (Cibco, Grand Island, 

NY). The cells were plated at the concentration! 
described in the assays below and allowed to adhere 
for 2 h at 37°C in 5% COz, 95% air. At the end 01 
this culture period, the cells were washed three time: 
with pre-warmed phosphate buffered saline (PBS) tc 
remove non-adherent cells. Each assay describec 
below was performed on cells from individua 
animals. 

Phagocytosis 
Peritoneal cells, 2 X 106, from control and treated 

rats were allowed to adhere to glass coverslips 
(22 x 22 mm) for 2 h at 37°C in 5% CO:, 95% air 
After this incubation, the coverslips were washed 
thoroughly with PBS to remove non-adherent cells. 
During this time, heat-killed (IOO’C, 60 min) yeast 
(Sigma, St Louis, MO) were opsonized for 90 min 
with 2040 adult rat serum to promote phagocytosis, 
washed three times and resuspended at a final 
concentration of 2 X 109/ml. An aliquot (100 ~1) of 
opsonized yeast was then added to the coverslip and 
this mixture was allowed to incubate for 15 min at 
37°C in 5Yo CO:, 95% air. At the end of this time, 
the coverslips were washed thoroughly with PBS, 
inverted onto a glass slide and sealed with clear nail 
@lish to prevent dehydration. The samples were 
immediately evaluated microscopically to determine 
(a) the percentage of adherent cells which contained 
yeast; and (b) the number of yeast cells ingested per 
cell. Care was taken to insure the number of yeast 
cells that were enumerated per cell were actually 
ingested and not just attached to the surface of the 
cells. At least 100 adherent cells were evaluated per 
sample and the percentage and average number of 
yeast cells ingested per peritoneal cell was calculated 
(Boxer, 1981). 

Superoxide anion production 
A 0.3 ml aliquot of peritoneal cells (2 x 106/ml) 

was cultured in duplicate for 2 h in a 16 mm well of a 
Falcon 24-well plate. The macrophage monolayers 
were washed free of non-adherent cells and over-laid 
with a solution of Kreb’s Ringers phosphate dextrose 
solution (consisting of physiologic saline, O.O@o 
KCI, 0.016~0 CaCl,, 0.032mo MgSO,, 3 mM 
NaH:PO,, 13.6 mM Na?HPO, and 2.2mg/ml 
dextrose) containing 80 pm ferricytochrome c 
(Sigma, St Louis, MO), 0.5 pg/ml phorbol l2- 
myristate 13-acetate (Sigma, St Louis, .MO) and, 
where appropriate, 100 yg/ml superoxide dismutase 
(Sigma, St Louis, MO). The cells were then 
incubated for I h at 37”C, after which time super- 
oxide dismutase-inhibitable cytochrome c reduction 
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was monitored using a spectrophotometer at 550 nm. 
Since superoxide dismutase scavenges superoxide 
anion before the latter can reduce cytochrome c, this 
assay is a reliable measurement of superoxide anion 
production (Curnutte & Babier, 1974). 

Culture wells without macrophapes were included 
as controls for each combination of reagents. The 
absorbance of this blank was subtracted from the 
absorbance of cytochrome c incubated with cells. 
There is a 1: 1 stoichiometry between the amount of 
superoxide anion produced and the amount of 
cytochrome c reduced during this assay. Therefore, 
the extinction coefficient for cytochrome c 
(2.1 x lO’/Micm) was used to quantitate the release 
of superoxide anion (Johnston, Godzik & Cohn, 
1978). 

Protein determination 
To correct for the number of peritoneal cells 

adherent to the culture wells, the amount of protein 
remaining in the tissue culture wells used in the assay- 
was determined. At the conclusion of the superoxide 
anion release assays, the plates were rinsed three 
times with PBS and allowed to dry overnight. At this 
time 200 ~1 of water (double distilled, H,O) was 
added to each well to insure equal resuspension 
volume for each sample. To each well, 2 ml of BCA 
Protein Assay Reagent (Pierce Chemical Company, 
Rockford, IL) was added. This mixture was allo\?ed 
to incubate for 1 h at 37°C and the absorbance at 562 
nm was determined. Bovine serum albumin was used 
to derive a standard curve to determine the amount 
of protein present in each well. The number of 
nmoles of superoxide anion released was then 
converted to nmoles superoxide anion/mg cell 
protein. 

Tumoricidal activity 
An SV-40-transformed line of mouse kidney cells 

(TCMK-1) maintained in DMEM with 10% FCS was 
used as the target cell. The tumor cells were 
radiolabeled with 1.0 &i/ml ‘H-thymidine for 
18-24 h, removed from the culture flask by 
trypsinization, washed to remove radiolabel that was 
not cell-associated, and then resuspended in RPM1 
with 10% serum for addition to macrophage 
monolayers. An aliquot, 1.3 ml of the macrophage 
suspension described above, was allowed to adhere 
to duplicate 16 mm wells in Falcon 24-well plates. 
‘f’he monolayers were washed and overlaid with a 
suspension of labeled tumor cells, such that the 
effector-to-target cell ratio was 8:l. A positive 
control for tumoricidal activity was used. This 

control consisted of adherent resident peritoneal cells 
which were incubated for 16 h with 0.1 pg/rnl 
lipopolysaccharide and lymphokine-containing 
supernatam (5Ovo medium from cultures of rat 
splenocytes stimulated for 48 h with 5 pg/ml Con A) 
before addition of radiolabelled tumor cells. The 
macrophage - tumor cell mixture was then incubated 
for 2 days at 37’C in 5”io CO:. An aliquot of the 
supernatant was then removed from each culture 
dish, placed in a scintillation vial with fluor, and 
counted in a scintillation counter to determine the 
amount of label released from the tumor cells. 
Control cultures included tumor cells with resident 
(non-surgical) macrophages, and tumor cells alone 
(no macrophages, for the determination of 
spontaneous and total radiolabel release from the 
tumor cells). Cytotoxicity is expressed by the 
following formula: 

[(E - S),‘(T - s)l x 100, 
where E is the counts!min of label (experimental) 
released into the supernatant of macrophages 
cultured with tumor cells, S is the counts/min of 
spontaneous label release from the tumor cells 
cultured alone, and T is the counts/min of tumor 
cells lysed in the culture well by 0.5% sodium 
dodecyl sulfate (total release) (Bryant 6i Hill, 1982). 

Statistics 
All groups were analyzed by one-way analysis of 

variance followed by Duncan’s new multiple range 
test. A P value Q 0.01 was considered significant. 

RESULTS 

Since prostaglandins are thought to modulate 
leukocyte infiltration following inflammatoc 
stimuli, the number of peritoneal cells harvested 
from control and surgical animals following acute 
tolmetin administration was examined (Table I). In 
this instance, the doses of tolmetin given did not 
significantly alter the number of peritoneal 
macrophages harvested by lavage. However, 
microscopic examination of slides containing 
samples of peritoneal cells from each animal stained 
with Wright’s differential stain indicated that the ceil 
populations present in the peritoneum were altered 
after tolmetin administration (Fig. la). At days 1 or 
3 following i.p. injection of 3 or IO mg of tolemetin, 
there was an increase in the percentage of 
granulocytes in the peritoneal lavage. However, by 5 
days after tolmetin administration, the ratio between 
peritoneal macrophages, granulocytes and 
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Table I. Effects of tolmetin administration on the number of viable nucleated cells harvested 

Normal 
Days following administration+ (cell number x IO”) 

Dose* I 3 5 7 14 

0 mf3 14.6 -c I.2 13.2 _c 2.8 19.8 2 2.9 20.8 + 2.9 13.7 k 2.3 
0.3 mg 15.6 +_ 2.6 17.7 2 1.9 ND 19.6 2 0.6 12.6 + 0.6 
I.0 mg 17.3 2 1.5 21.0 i: 1.4 22.4 5 0.4 20.4 rt 3.1 13.1 5 1.0 
3.0 mg 13.7 k 0.8 16.5 -t 1.9 16.4 I 1.2 23.5 ” 3.4 13.5 It 0.7 
10.0 mg 13.3 + 0.9 15.1 It 2.4 18.9 2 I.1 16.4 + 3.1 12.2 + 3.4 
30.0 mg 15.8 r 2.5 13.9 t 0.7 13.5 r 2.4 22.7 2 4.6 12.2 2 1.5 

Surgical* 
Days following administration (cell number x lo”) 

Dose 1 3 5 7 14 

0 m3 19.8 +- 2.1 24.9 k 1.7 21.9? 5.3 15.1 + 1.0 21.3 2 2.4 
0.3 mg 21.5 + 1.9 21.5 -c 1.6 19.2 2 1.7 17.7 k 1.4 13.9 2 I.3 
I.0 mg 19.0 r 2.9 20.0 2 2.9 20.1 -+ 3.2 14.7 2 1.2 15.2 f I.8 
3.0 mg 20.1 2 2.5 24.4 2 3.2 25.5 2 3.1 15.4 2 2.2 16.3 + 0.9 
10.0 mg 18.7 ct 3.2 27.0 2 3.4 18.5 + 2.1 12.9 T I.3 18.2 t 1.5 
30.0 mg 21.0 T 1.9 16.8 2 1.9 17.8 + 1.9 14.8 2 1.3 15.3 * I.4 
Resident 15.0 + 0.7 15.2 k 1.1 15.6 2 2.1 Il.4 2 0.3 12.1 t 0.9 

These data represent the mean and standard error of 7 animals. 
‘Rats were injected i.p. with 1 ml of saline containing the indicated amount of tolmetin sodium dihydrate. 
‘The time between treatment of the animals and sacrifice of the animals. 
*Surgery consisted of a midline laparotomy followed by sidewall abrasion under ketamine anesthesia. 
ND = not determined 

lymphocytes was similar for control and treated rats. 
Following surgery, there was an initial influx of 
neutrophils followed by a shift in the leukocyte 
populations to increases in the percentage of 
macrophages. However, at a dose of 3 mg or greater, 
tolmetin treatment prolonged the length of time for 
which neutrophils were present (Fig. lb). 

The effects of acute i.p. injection of tolmetin on 
peritoneal leukocyte function from both non- 
surgical controls and post-surgical rats were also 
examined. Phagocytosis of opsonized particles by 
macrophages and neutrophils constitutes an initial 
defense mechanism against infection. In addition, 
increases in phagocytic capabilities occur following 
inflammatory stimuli. Therefore, the effect of 
tolmetin on phagocytosis was examined. As can be 
seen in Figs 2a and 3a, the percentage of adherent 
peritoneal cells able to phagocytize (Fig. 2a) and the 
number of yeast ingested per adherent cell (Fig. 3a) 
were significantly, but transiently, suppressed at 
days 5 and 7 after administration of tolmetin. In 
addition, at day 1 after tolmetin treatment, there was 
a slight decrease in the number of yeast phagocytized 
per adherent peritoneal cell. However, at day I4 
after tolmetin administration, there was a dose 
dependent increase in the number of yeast ingested 

. 

per cell (Fig. 3a) and the percentage of cells that were 
phagocytic (Fig. 2a). 

Administration of tolmetin sodium dihydrate 
during surgery did not significantly affect the 
percentage of adherent cells able to phagocytose 
opsonized yeast until days 7 and 14 after treatment 
(Fig. 2b). Surgical trauma increased the number of 
opsonized yeast per adherent cell within 1 day and 
was maximal by day 5 (Fig. 3b). By post-surgical day 
7, these parameters returned to resident levels. 
However, administration of tolmetin during surgery 
extended the length of time phagocytic capability 
was increased, reaching maximal values 7 days after 
surgery. The increase in the number of yeast ingested 
per adherent cell was dose dependent, achieving a 
maximum value at 3.0 mg tolmetin. At post-surgical 
day 14, phagocytic activity returned to control levels. 

The doses of tolmetin, which elevated the numbers 
of granulocytes in the peritoneum, increased the level 
of superoxide anion released by peritoneal cells one 
day after tolmetin administration (Fig. 4a). By days 5 
and 7, the amount of superoxide anion released in 
response to stimulation with PMA was suppressed. 
However, this suppression was transient and the 
ability of peritoneal cells from treated rats to 
generate superoxide anion was equal to control levels 
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Fig. 1. Rats, either non-surgical (panel a) or surgical (panel 
b) were injected with tolmerin and sacrificed at various 
times after exposure. Following sacrifice, the peritoneal 
cells were harvested by lavage, suspended in RPM1 1640 
and then cytospun onto microscope slides. The samples 
were stained with Wright’s stain for differential counting 
and the relative number of granulocytes, macrophages and 
lymphocytes present within IO random fields determined. 
Only the groups that were determined to be significantly 
different from control are presented for clarity. The groups 
are as follows: Panel a - control ( l ); control macro- 
phages (0); 3 mg tolmetin granulocytes ( n ), 3 mg tolmetin 
macrophages ( 0 ); IO mg tolmetin granulocytes (A); 10 mg 
tolmetin macrophages (A); Panel b - control granulocytes 
(0 ); control macrophages (0); tolmetin treated 

granulocytes ( w ); tolmetin treated macrophages ( 3 ). 

. 

by day 14. Similarly, superoxide anion production by 
peritoneal cells was increased by surgical trauma, 
and tolmetin administration further increased 
superoxide anion release. Tolmetin administration 
prolonged the length of time between initiation of 
inflammation (caused by surgical trauma) and the 
influx of macrophages into the peritoneum. In 
surgical animals injected with saline, macrophages 
were the predominant leukocyte in the peritoneal 
exudate by post-operative days 4 and 5; in treated 
animals, this did no! occur until day 7 (Fig. lb). As 
with the non-surgical animals, increases in 
granulocyte numbers were paralleled by increases in 
superoxide anion release (Fig. 4b). In tolmetin- 
treated animals, superoxide anion production began 
a return to control levels by post-surgical day 7. 

In an immune inflammatory response (that is, 
inflammation resulting in lymphocyte and 
lymphokine involvement), peritoneal leukocytes, 
particularly macrophages, exhibit tumoricidal 
activity. Tumoricidal activity is a measure of fully 
differentiated and activated macrophages (Hibbs, 
Taintor, Chapman & Weinberg, 1977; Hibbs, 

Chapman & Weinberg, 1978). Following admini- 
stration of tolmetin to non-surgical animals, there 
was an increase at days I and 3 in the ability of 
adherent peritoneal cells to lyse TCMK tumor cells in 
a 48 h assay (Fig. 5a). After surgery, peritoneal cells 
from rats injected with saline also demonstrated 
increased tumoricidal activity. Treatment with 
tolmetin, however, enhanced tumoricidal activity up 
to two-fold on days I and 3. By day 5, the level of 
tumoricidal activity- exhibited by animals treated 
intraoperatively did not differ from saline treated 
surgical controls (Fig. 5b). The tumoricidal activity 
of the surgical animals peaked on day 7 and returned 
to resident levels by day 14. 

In summary, acute administration of tolmetin 
after surgery elevated phagocytosis, superoxide 
anion and tumoricidal activity of peritoneal cells. 
The time of exposure and dose of tolmetin necessary 
to modulate immune function varied with the 
functional parameter examined. 

DISCUSSION 

Since adhesions are a major source of post- 
operative pain and infertility after peritoneal 
surgery, drugs which reduce this process may be 
clinically useful. NSAIDs have been shown to inhibit 
cyclooxygenase enzyme activities which would, in 
turn, reduce prostaglandin synthesis (Tomlinson, 
Ringold, Qureshi & Forchielli, 1972; Ho &I 
Esterman, 1974; Taylor & Salata, 1976). 
Prostaglandins were previously shown to mediate 
many inflammatory functions of macrophages and 
neutrophils (Higgs 8: Salmon, 1979). Macrophages 
and neutrophils are centrally involved in the initial 
clearance of bacteria and damaged tissue. 
Macrophages and neutrophils manifest increased 
capacities including phagocytosis of opsonized 
particles (Bianco, Griffin & Silverstein. 1975; 
Ratzan, Musher, Reusch & Weinstein, 1972) 
superoxide anion release (Johnston et al., 1978; 
Nathan & Root, 1977) tumoricidal/microbiocidal 
(Hibbs er al., 1978) activity following inflammatory 
and other stimuli. These enhanced functions, in turn, 
allow for the rapid clearance of infectious agents. 
Since many of these functions which are enhanced 
during inflammation may be regulated by 
prostaglandins, administration of a compound such 
as an NSAID, which inhibits prostaglandin synthesis 
(Taylor & Salata, 1976). many modulate these 
enhanced granulocytic cell functions, thereby 
altering the ability of a treated animal to clear 
infection. 
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Fig. 2. In panel a, non-surgical animals were treated with various doses of tolmetin (listed on x-axis) and sacrificed at 
various times. In panel b, rats were treated with tolmetin following surgery and Facrificed at various times. Following 
sacrifice, the peritoneal cells were harvested by lavage and then adhered for 2 h to glass coverslips at 37°C. The coverslips 
were washed and opsonized yeast added to the coverslip for 20 min at 37°C. Following this incubation, the coverslip was 
washed, inverted and the percentage of adherent cells containing yeast determined. Results shown represent the mean and 
S.E. of five animals. The data were analyzed by one-way analysis of variance followed by Duncan’s new multiple range test 

(u = 0.01). Bars with the same letter were considered statistically indentical (P I 0.01) by this analysis. 
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Fig. 3. The rats were treated as described in Fig. 2. The data represented in this figure are the number of opsonized yeast 
ingested per adherent cell. Results represent the mean and S.E. of five animals. The data were analyzed by one-way analysis 
of variance followed by Duncan’s new multiple range test (n = 0.01). Bars with the same letter were considered statistically 

identical (P < 0.01) by this analysis. 

During peritoneal surgery there are many 
opportunities for the introduction of bacteria, 
therefore the effects of these drugs on capacities of 
peritoneal leukocytes, which are thought to be 
involved in the clearance of infection, are important. 
.4cute administration of tolmetin to non-surgical 
animals transiently suppressed the release of 
superoxide anion and the ability of cells to 
phagocytize opsonized particles on days 5 and 7, but 
these responses returned to control levels by day 14. 
After surgery, administration of tolmet in 
significantly elevated superoxide anion release at 
days 3 and 5, phagocytic capability at days 7 and 14 
and tumoricidal activity at day 3. Differential 

staining and microscopic analysis revealed increases 
in neutrophil numbers at tolmetin doses of 3 and 10 
mg. Although prostaglandins modulate neutrophil 
chemotaxis during inflammation, the regulation of 
homeostases in the normal peritoneum by prosta- 
glandins in unknown. Prostaglandin synthesis and 
release were found to initially decrease during 
inflammation followed by a concomminant increase 
in neutral protease secretion by macrophages 
(Humes, Burger, Galavage, Kuehl, Wightman, 
Dahlgrem, Davies & Bonney, 1980; Unkeless, 
Gordon & Reich, 1974; Werb & Gordon, 1975a, b). 
Taken together, these findings suggest that 
prostaglandin synthesis by macrophages is necessary 
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Fig. 4. The rats were treated as described in the legend of Fig. 2. Following sacrifice, the peritoneal cells were harvested, 
resuspended in RPM1 1640 and 10% FCS and 0.3 ml was placed in 16 mm wells of a 24-well plate for 2 h. At the end of 
this time, each well was washed three times and I ml of KRPD containing cgochrome c, PMA and, where appropriate, 
superoxide dismutase (as a blank) was added. These cultures were incubated for 1 h at 37°C and the absorbance at 550 nm 
determined. The nmoles of cytochrome c reduced per mg of protein was then calculated. Each dose and time point result 
shown represents the mean and S.E. of five animals. The data were analyzed by one-way analysis of variance followed by 
Duncan’s new multiple range test (o = 0.01). Bars with the same letter were considered statistically identical (P <_ 0.01) by 

this analysis. 
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Fig. 5. The rats were treated as described in the legend of Fig. 2 and the peritoneal cells, 1.3 ml/well, were placed in 16 mm 
WeIIs for 2 h. Positive controls for tumoricidal activity were generated by pre-incubation of resident peritoneal adherent 
Cells with 0. I Ng/ml lipopolysaccharide and lymphokine-containing supernatant. AI the end of this time, each well was 
washed with PBS and 2.0 x lo’ ‘H-thymidine-labeled TCMK cells were added to each well and incubated at 37°C or 48 h. 
A sample of the supernatant was then harvested and the amount of ‘H-thymidine released determined. The specific 
cytotoxicity for the positive control samples were between 48 and 65%. AI all time points and doses, the positive controls 
were significantly different from all other groups. Each dose and time point result shown represents the mean and S.E. of 
five animals. The data were analyzed by one-way analysis of variance followed by Duncan’s new multiple range test 

(0 =O.Ol). Bars with the same letter were considered statistically identical (P < 0.01) by this analysis. 

10 maintain the resident differentiative state of the leukocytes present in the peritoneum. Tumoricidal 
macrophage. If this is the case, inhibition of activity of resident peritoneal macrophages activated 
Prostaglandin synthesis by a NSAID may provide the with bacterial LPS is down-regulated by 
nCc.essary signal(s) to initiate macrophage (and prostaglandins (Taffet & Russell, 1981; Schultz, 
Perhaps neutrophil) differentiation. Pavlielis, Styles & Chirigos, 1978; Taffet, Eurell & 

increases in tumoricidal activity at days I and 3 Russell, 1982). Lipopolysaccharide represents one 
camtot be explained by alterations in the types of stimulus which can generate inflammatory 
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macrophages. From data presented here, perit& 
surgery can also stimulate peritoneal cells; perhaps KO 
an inflammatory state. Therefore, there are fro 
stimuli present in this system, that is, surgical in- 
and inflammation and administration of tolmain, 
which could prostaglandin synthesis. Interactti 
between these stimuli could, in turn, lead to &e 
observed manifestation of tumoricidal activity. 

At days 5 and 7 after tolmetin administration. 
phagocytic capacity and superoxide anion reW 
were significantly suppressed. Since the sodium fam 
of tolmetin is readily soluble in aqueous media and 
the peritoneal contents are rapidly cleared, these 
effects were probably due to secondary and sx 
direct effects of the drug. If prostaglandin synttmls 
is partially responsible for suppression of resiht 
peritoneal ceil function, modification of the levels of 
this regulatory molecule may lead to a suppression of 
peritoneal cell function. Although this hypothesis is 
consistent with the observed results, there is no dir= 
evidence to support this supposition. 

Following surgery, there was an increase in the 
functional activity of peritoneal exudate cells as 
would be expected after an inflammatory stimulus. 
The phagocytic capability of adherent peritoneal 
leukocytes was significantly elevated which would 
allow for a more rapid removal of damaged tisxae 
and any potential infectious agents. By post-surgical 
day 7, the activities of the peritoneal cells from 
control animals returned to resident cell levels. 
Administration of tolmetin lengthened the time 
following surgery during which peritoneal leukoc?-te 

function was elevated. Microscopic examination of 
differentially stained samples from peritoneal lavage 
of control and treated rats indicated that the influx 
of macrophages into the peritoneum after surgery 
was delayed by tolmetin administration. In control 
and treated animals, the infiltration of macrophages 
into the peritoneum corresponded to the time point 
at which the early elevations in peritoneal leukocyte 
phagocytic and respiratory burst activities began to 
return to the level of resident peritoneal cell 
function. These data suggest two possibilities: (a) 
direct neutrophil activity alone was responsible for 
the increased peritoneal cell function observed; and/ 
or (b) indirect neutrophil interaction with 
macrophages was necessary for these elevated 
functions. 

In summary, these studies indicate that i.p. 
administration of tolmetin, in some instances, 
elevated leukocyte functions involved in the 
clearance of infection. For example, post-surgical 
administration of tolmetin extended the length of 
time after surgery that the phagocytic capability of 
peritoneal leukocytes was enhanced. In addition, 
tolmetin administration further elevated the 
sufgically-induced increase in superoxide anion 
release by peritoneal exudate cells and macrophage 
tumoricidal activity. Therefore, perioperative 
administration of tolmetin should not increase the 
risk of infection to the host. These alterations 
in peritoneal leukocyte function may be the 
result of a reduction in prostaglandin synthesis by 
tolmetin. 
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Tumor Growth and Dissemination After 
Laparotomy and CO, Pneumoperitoneum: 
A Rat Ovarian Cancer Model 

MICHEL CANIS, MD, REVAZ BOTCHORISHVILI, MD, ARNAUD WATTIEZ, MD, 

GERARD MAGE, MD, JEAN LUC POULY, MD, AND 

MAURICE ANTOINE BRUHAT, MD 

Objective: To compare tumor growth, intraperitoneal im- 
plantation, and abdominal wall metastasis after laparotomy 
and CO, pneumoperitoneum in a rat ovarian cancer model. 

Methods: To mimic intraoperative rupture of an ovarian 
tumor in a syngenic rat ovarian carcinoma model, lo5 malig- 
nant cells were injected intraperitoneally after a S-cm verti- 
cal midline laparotomy or after the insufflation of a CO, 
pneumoperitoneum achieved with 4 mmHg or 10 mmHg 
intra-abdominal pressure. Two weeks later, the intraperito- 
neal tumor growth and the tumor dissemination were eval- 
uated semiquantitatively with a scoring system. The scores 
attributed to each organ were added to calculate the dissem- 
ination score of each animal. 

Results: The mean (* SD) dissemination score was 83.4 + 
12 in the laparotomy group and 67.3 f 16 and 71.9 f 17 in the 
4 and 10 mmHg CO, pneumoperitoneum groups, respec- 
tively (P < .Ol). The scores for the peritoneum were 21.8 f 
3.8 in the 10 mmHg pneumoperitoneum group and 18 * 2.4 
in the laparotomy group (P < .Ol). In the laparotomy group, 
the implant found along the midline scar accounted for a 
mean of 62.6 f 15% of the peritoneal score, whereas the 
trocar site metastases did not influence the peritoneal score 
in the pneumoperitoneum groups. The incidence of wound 
metastasis was 96% in the laparotomy group and 55% and 
54% in the 4 mmHg and 10 mmHg pneumoperitoneum 
groups, respectively. 

ConcZusion: In this model, tumor growth was greater after 
laparotomy than after laparoscopy, but peritoneal tumor 
dissemination was more severe after CO, pneumoperito- 
neum. (Obstet Gynecol 1998;92:104-8. 0 1998 by The 
American College of Obstetricians and Gynecologists.) 

From the Department of Obstetrics, Gynecology and Reproductive 
Medicine, Polyclinique de I’Hotel Diew, CIermont-Fermnd, France. 

A BD IX rat ozlarian adenocarcinoma cell line was kindly provided by 
the Tumorbank Deutsches Krebsfirschungszentrum (Pr Friedrich, Dr 
Peschke, Heidelberg, Germany). 

Laparoscopic management of ovarian cancer is highly 
controversial. Recent surveys have confirmed that in- 
adequate laparoscopic management of adnexal masses 
might worsen the prognosis of an early ovarian can- 
cer.“* Volz et al” sugg ested that in a nude mice model, 
after CO, laparoscopy, tumor dissemination and tumor 
growth were worse than after laparotomy. Several 
animal studies designed by general surgeons, per- 
formed with colon cancer or mammary adenocarci- 
noma cell lines, showed a higher risk of trocar site 
metastasis after laparoscopy, but greater tumor growth 
after laparotomy.+” 

We performed a MEDLINE search encompassing the 
years 1992-1997 using the keywords “cancer” and 
“laparoscopy, ” “cancer” and “peritoneum,” and “ova- 
ry” and “laparoscopy” and found no study performed 
with an ovarian cancer cell line in a syngenic animal 
model. Therefore, we designed the present study to 
compare intraperitoneal tumor growth after laparot- 
omy and CO1 pneumoperitoneum in an ovarian cancer 
model. 

Materials and Methods 

One hundred twenty-two 12-week-old inbred immuno- 
competent BD IX rats (Ha Credo, l’Arbresle, France), 
weighing between 190 and 220 g, were acclimatized for 
7 days to controlled laboratory conditions (temperature 
22-24C, humidity 50 to 60%, 12 hours light, 12 hours 
dark) before the study. Animals were fed a stand,trd 
laboratory diet ad libitum. The protocol was approved 
by the committee on animal research of the Clermont 
Ferrand I University (Clermont Ferrand, France). 

BD IX rat ovarian adenocarcinoma cells, stored in 
liquid nitrogen until used, were cultured in RPM1 1640 
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Table 1. Scoring System for the Dissemination Score 

Diameter 

Number of nodules 52 mm 2-5 mm 25 mm 

1-4 1 2 3 
5-10 4 5 6 
11-20 7 8 9 
>20 10 II 12 

(Kibbuts Beit Haemek, Israel) supplemented w-ith 10% 
fetal calf serum (Bayer Diagnostics, Puteaux, France), 
1 Y. penicillin 5000 IU/mL: 1% streptomycin 5000 
IU/mL, and 1% L-glutamine 200 mmol/L. After 48 
hours, a monolayer confluent culture was obtained. 
Before injection in rats, the tumor cells were tvpsinized 
at 37C for 5 minutes and then centrifuged for IO 
minutes at 800 8. The cells were resuspended in the 
culture medium, counted, and cell viability was con- 
firmed by Trypan blue exclusion test. The cells were 
diluted to a concentration of 105/mL, stored at room 
temperature, and injected within 3 hours of being 
obtained. 

Thirty animals were used in preliminary experi- 
ments. Using 10 rats and a 1.5-mm diameter Iaparo- 
scope (Karl Stortz, Tuttlingen, Germany), we found that 
below 4 mmHg, it was difficult to achieve a satisfactory 
inspection of the peritoneal cavity and that a pressure 
greater than 10 mmHg caused breathing difficulties. 
Using 20 other animals, we found that the injection of 
lo6 cells in 1 mL induced in 1 week a peritoneal 
carcinomatosis that could not be quantified, whereas 
10” cells per mL induced a severe peritoneal carcinoma- 
tosis in 2 weeks that could be quantified using a 
semiquantitative scoring system (Table 1). Preliminary 
experiments showed that the diameter of the peritoneal 
metastasis ranged from 2 mm to greater than 10 mm. 
We concluded that to study tumor growth and perito- 
neal dissemination, all the peritoneal metastasis should 
be included in the score. Therefore, we changed the 
method used by Bouvy et al,7 scoring each organ 
between 0 and 5 according to estimated tumor diame- 
ter, to adding the scores of each group of nodules. The 
dissemination score of each animal was calculated by 
adding the scores of all the organs evaluated. In these 
preliminary experiments, pathologic examination was 
used routinely to confirm the macroscopic diagnosis of 
tumor metastasis. During the study, pathologic exami- 
nation was used in ven; small or atypical implants. 

On the basis of the mean animal score (46.2 ? 14.06) 
obtained in the preliminarv 10’ group, the sample size 
was calculated to have a power of .90 with an a = .05, 
to detect an increase of 25% in the animal dissemination 
score. All rats were anesthetized using 50 mg of Zoletil 
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20 (Laboratoire Reading, Wissous, France) per kilogram 
intramuscularly. The animals were shaved, placed in 
the supine position, and operated on under sterile 
conditions. On the day of surgery, the animal coordi- 
nator, who was not involved in surgery, galre an 
identification number to each animal. Animals were 
operated on in groups of four. Four cards correspond- 
ing to the treatment groups were placed in a box and 
mixed by the animal care coordinator, M.ho picked the 
cards to assign each animal a treatment group ran- 
dom]!-. In this 12-ay the procedures \\.ere performed in a 
random order for each group of four animals. 

Ninety-two animals lcere included in the study, 30 in 
the control group and 24 in each of the other groups. In 
the controls, the cells were injected using a 1.5mm 
diameter Veress needle (Karl Stortz, Tuttlingen, Germa- 
ny). The intraperitoneal location of the needle \vas 
checked by the syringe safet\, test used in our depart- 
ment.” In the laparotomy group, a j-cm vertical mid- 
line laparotomy was performed. Manual manipulations 
were used to exteriorize the small bowel and the 
caecum. After 5 minutes, the bo\vel was returned and 
the tumor cells were injected in the right lower quad- 
rant. Forty minutes later, the abdomen was closed in 
two layers with continuous 3-O Vicryl sutures (Ethicon 
Inc, Sommerville, NJ). 

In the pneumoperitoneum groups, the CO, pneumo- 
peritoneum was created using a Verres needle placed in 
the midline as previously described here. An electronic 
insufflator (Electronic laparoflator 26430020, Karl Storz, 
Tuttlingen, Germany) was used to control the insuffla- 
tion pressure, which was 4 mmHg and 10 mmHg in the 
low- and high-pressure groups, respectively. On the 

insufflator, the maximal CO, flow was set at 1 L/min. 
The CO, was not warmed. To simulate the CO, leakage 
observed in clinical situations and to avoid incidental 
increases in intraabdominal pressure, a 20-gauge needle 
was inserted in the midline between the umbilicus and 
the pubis. After 5 minutes of pneumoperitoneum, the 
20-gauge needle was used to inject the tumor cells in the 
right lower quadrant of the abdomen. After 45 minutes, 
the pneumoperitoneum was exsufflated and the skin 
incisions closed with 3-O Vicryl. 

After 2 weeks, the animals were killed by cervical 
dislocation under general anesthesia. The skin was 
removed. Trocar sites and laparotomv incision were 
evaluated macroscopically. Abdominal wall metastasis 
was scored as present or absent. When present, its 
largest dimension was used for statistical analysis. The 
peritoneal cavity was evaluated through a xyphopubic 
vertical midline incision. Ascites Jvas aspirated and 
measured with a 5-mL syringe. 

Fisher exact test was used for data presented in 
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Table 2. Incidence and Maximum Dimension of Wound 
Xktastasis 

Metastasis Largest dimrnskm 
Group n 11 (06) (mm)’ 

Control IS 16(89)' 3.6 2 2.7 
4 mmHg pneumoperitoneum 22 12(55) 2.4 z 3.2 
10 mmHg pneumoperitoneum 24 13(54) 2.5 z 3.4 
Laparotom! 23 22(96)' 25.2 t 10.1' 

* Data are pre>ented as mean + SD. 
+ P = 04. 
* P = ,002 when compared with each of the pneumoperitoneum 

groups using the Fisher evact test. 
6 I’ < .OOl when compared with each of the other groups using 

Student f-test. 

contingency tables and Student I-test for continuous 
variable. The Kruskall-Wallis H test and Mann-Whitney 
U test were used when the distribution was not normal. 
Differences were considered statistically significant if 
P < 0.05. 

Results 

Five rats died within the first 21 postoperative hours, 
two in the control group, two in the low pressure 
pneumoperitoneum group, and one in the laparotomy 
group. Autopsies indicated no surgical complications. 
These animals were excluded from the study. After 2 
weeks, a diffuse tumor growth was observed in all rats. 
The volume of ascites was always less than 4 mL. 

The incidence and the largest diameter of wound 
metastases are presented in Table 2. The animal dissem- 
ination scores and the organ scores are listed in Table 3. 
When compared with each of the other groups, the 
animal dissemination score in the laparotomy animals 
was significantly higher than in the -1 mmHg or 
10 mmHg pneumoperitoneum groups and the controls. 

Figure 1. Dissemination after laparotomy. Note the large peritoneal 
nodule along the midline scar. 

The animal dissemination scores in each of the pneu- 
moperitoneum groups were significantly higher than 
the controls. There was no statistical difference between 
the groups for the omentum, the scrotal fat, the spleen, 
and the kidneys (data not shown). Compared with each 
of the other groups, the scores for peritoneum and 
bowel were significantly lower in the controls. The 
score for peritoneum was significantly higher in the 
high pressure pneumoperitoneum group than in the 
laparotomy and low-pressure groups. In the laparot- 
omy group, the peritoneal implant found along the 
midline scar accounted for a mean of 62.6 2 15% of the 
peritoneal score, whereas in the pneumoperitoneum 
groups, the trocar site metastases xvere less than 5 mm 
in diameter and did not influence the peritoneal score. 
Examples of peritoneal dissemination after laparotomy 
and pneumoperitoneum are shown in Figures 1 and 2, 
respectivelv. 

Table 3. Organ and Dissemination Scores* Observed .\fter Intraperitoneal Injection of 10' Rat Ovarian Cancer Cells 

Control II = 18 

4 mmHg 10 mmHg 
Pneumoprritoneum Pneumol,eritl,neum 

I, = 27 !I = 24 

Peritoneum 7.4 2 4.1 (2-15) 18.8 I 3.2 (6-27)’ 21.13 z 3.8 (ls-30)*" 1s 2 2 4 (13-71)s 0.001 
Right diaphragm 5.9 + 3.4 (2-12) 6.9 r 3.Y (l-15) 7 6 21 2.9 (2-12)” 10.0 z 3.0 (il7)” 0.001 
Lett diaphragm 5.1 = 3 1 (I-12) ~o=i;t2-l5) 6.1 z 4.3,1-21 J’ 9.0 2 3.1) (j-15) l!.Ol~Z 
Liver 0.b z 0.9 (O-3) 1.1 z 1.1 (O-4) 1.6 = 1.5 (O-5) 3.0 z X(0-~) 0.001 
Stomach 0.2 I 0.4 (O-l) 1.2 z 1 6 (O-6) 1.6 x 2.8 (O-10) I I f 1 T(ll-6) ME 
BoT,vel 6.8 I 4.0 (O-18) 10.8 r 3 b (6-M) 11.3 = 3.5 (4-71)’ lb.; t 5.9 (5-2-L)” 0.00 I 
Animal score1 44.2 t 13.8 (20-68) 67.3 = I6 (X+92) 71.9 z 17[4S-117)j 83.4 t 12 (64-106)” 0.001 

* Data are presented as mean 2 standard deviation (range). 
’ Comparison of ail the groups using a Kruskall-Wallis H test. 
* Comparison with a !viann-Whitney U test. P i .05. 
s Comparison \\.ith a !vfann-Whitney U test of 10 mmHg and laparotomy groups, P < .Ol. 
“Comparison Mith a Mann-Whitney U test of the 10 mmHg and laparotomy groups, P < .Ol. 
q This score was obtained by adding the score of all the intra-abdominal organs including the omentum, the scrotal fat, the spleen, and the 

kidney, which are not presented here. 
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Figure ?. Dissemination atter a 10 mmHg pnzumoperitoneum Yote 
the numrrouc peritoneal nodules. 

-4s in other studies performed Mxith different cell lines 
and tumor models,‘3h.y,1” \ve found greater tumor 
gro\vth after laparotom! than after pneumoperito- 
neum. In contrast, \‘olz et al3 reported a greater tumor 
gro\\,th after laparoscopy. These differences might be 
related to the models used. 1’01~ et al” compared a 2-cm 
midline laparotomv with an 8-mmHg pneumoperito- 
neum in nude mice. Allendorf et al” compared a xy- 
phopubic incision lvith a 6 mmHg pneumoperitoneum 
in rats. Our results should be interpreted cautiously. 
The higher dissemination score observed Lvith laparot- 
om!- leas part]\. explained b?- the higher score of the 
bowel, which \t:as exteriorized for 5 minutes, and b!. the 
large peritoneal metastasis found along the midline 
incision, w.hich is observed only in cell seeding models’ 
and ma\. be facilitated by the anatomic position in 
quadrupeds. However, the- ability to perform extensive 
surgical procedures without exteriorization of the 
bowel is an adlrantage of laparoscopic approach. 

The peritoneal tumor implantation pattern \vas dif- 
ferent after laparotomy and pneumoperitoneum. In the 
laparotomv group, the implants found along the mid- 
line scar accounted for 62.6 +- 15% of the peritoneal 
score, whereas in the pneumoperitoneum groups, a 
widespread tumor dissemination was observed (Fig- 
ures 1 and 2). .4s the prognosis of an ovarian cancer is 
more related to the dissemination of the tumor than to 
the \.olume of the mass, this pattern of intraperitoneal 
tumor implantation could be interpreted as a strong 
argument against a laparoscopic approach. Similar tu- 
mor implantation patterns were reported by others.3,” 

As the peritoneal score was significantly higher in the 
10 mmHg group than in the 4 mmHg group (Table 3j, 
the insufflation pressure appeared as a possible cause of 
Peritoneal dissemination. Bou\~y et al’ reported a 

smaller tumor growth after gasless laparoscopy than 
after CO2 laparoscopy with a 6-mmHg pressure, 
whereas Watson et al’ found no difference between a 
gasless and a CO2 group with a 2-mmHg pressure. In 
rats, a 15-mmHg intra-abdominal pressure induced 
jejunal ischemia.” Berguer et al” recently reported that 
in rats, CO, pneumoperitoneum greater than 10 mmHg 
caused significant respiratory acidosis. We observed no 
breathing difficulties in the IO mmHg pneumoperito- 
neum group, but we used a ‘O-gauge needle to simulate 
the CO2 leakage and to aT.nid incidental increase in 
intra-abdominal pressure. Holve\,er, further studies are 
necessar>- to confirm that our results are miportant for 
surgical practice, rz-hich differs in that procedures are 
longer, pressures used are lower, and their conse- 
quences are partly FreTvented by controlled \.entilation. 

In the present stud\-, \\.nund metastases 1%.ere more 
common and larger lvith laparotom!-. Similar results 
were reported by Bouvy et al’ using a cell seeding 
model. In contrast, most studies performed lvith solid 
tumor models sholved an increased incidence of trocar 
site metastasis after CO2 laparoscopy.‘,’ These differ- 
ences are probably related to the model used. Our 
results provide three arguments to suggest that trocar 
site metastases are more likely caused by direct contam- 
ination of the wound than by an aerosol of malignant 
cells.” First, in the small rat peritoneal cavity, malig- 
nant cells injected in 1 mL were more likely to induce 
direct contamination of the laparotomy scar than con- 
tamination of the trocar sites tvhen the peritoneal Cal-it) 
xvas enlarged by the pneumoperitoneum. Second, the 
89”0 incidence of w-ound metastasis obser\red in the 
control group was probably caused bl, direct contami- 
nation, which occurred Lvhen the needle was removed 
immediately after the injection. Third, the incidence of 
trocar site metastasis Jvas not increased by a higher 
intraperitoneal pressure. Two experimental studies 
showed a decreased incidence of trocar site metastasis 
after gasless laparoscopy.‘,’ Holzvever, this has to be 
confirmed by clinical data, as the larger port sites used 
during gasless procedures may increase the risks of 
direct contamination. 

Refeyemes 
1. Maiman M, Seltzer \., Boyce J. Laparoscopic excision of ox-arian 

neoplasms subsequently found to be malIgnant Obstet Gynecol 
1991;77:563-5. 

2. Kmderman G, Maassen \‘, Kuhn N-. Laparoscoplc management of 
ovarian malignomas Geburtshilfe Frauenhellkd 1995;55:667-94. 

3. Volz J, Kfister S, Schaeif B. Laparoscopic management of gynaeco- 
logical malignancies, time to hesitate Cynaecolng Endosc 1997;6: 
l-15-6. 

1. Jones DB, Guo LLV, Reinhard MK, Soper NJ, Phllpott GiV, Connett 
J, et al. Impact of pneumoperilonrum on trocar site implantatmn of 
colon cancer in hamster model Dii Colon Rectum 1995;3R:llSZ-6. 

Canis et al Szirgid Diitvfim7tior1 107 



5. Allendorf JDF, Bessler M, Kayton C1L, Oesterling SD, Treat LIR, 
Nowygrod R, et al. Increased tumor establishment and growth 
after laparotomy vs I~FJKECOFV m a murine model. .\rch Surg 
1995,1X.649-53. 

6. Sldthew G, Watson DI, Rofe AM, Baigrie CF, Ellis T, Jamlejon GG. 
Wound metastases following laparoscoplc and open surger!’ for 
abdommal cancer m a rat model. Br J Surg 1996;83.1087-90. 

7. Bouvy ND, Marquet RL, Jeekel H, Bonier J. Impact of g&less) 
laparoscopy and laparotomy on peritoneal tumor growth and 
abdominal wall metastases. Ann Surg 1996;224:694-701. 

8. Matson DI, Mathew G, Ellis T, Baigrie CF, Rofe AM, Jamieson GG. 
Gasless laparoscopy may reduce the risk of port-site metastases 
tollowing laparoscopic tumor surgery. Arch Surg 1997;1?2:166-8. 

9. Boulry ND, Marquet RL, Jeekel J, Bonier HJ. Laparoscoplc surgery 
is associated with less tumor growth stimulation than conventional 
surgery: An experimental study. Br J Surg 1997:84:358-61. 

10. Jacobi CA, Ordermann J, Biihm 8, Zieren HU, Llebenthal C, Volk 
HD, et al. The Influence of laparotomy and laparoscopy on tumor 
growth in a rat model. Surg Endosc 1997;11:618-21. 

11. Mathew G. Watson DI, Rofe AM, Ellis T, Jamieson GG. Adverse 
impact of pneumoperitoneum on intraperitoneal implantation and 
growth of tumor cell suspension in an experimental model. Aust 
NZ J Surg 1997;67:289-92. 

12. Bruhat MA, Mage G, Pouly JL, Manhes H, Canis M, Wattiez A. 
Operative laparoscopy. New York: McGraw Hill, Inc. Health 
Professions Division, 1992. 

13. Eleftheriadls E, Kotzampassi K, Papanotas K, Hehadis N, Sarrls K. 

Gut ischemia, oxidative stress and bacterial transplantation u\ 
elevated abdominal pressure in rats. World J Surg 1996;20:1 l-6. 

14. Berguer R, Corrwrlius T, Dalt~w XI. The optimum pneumoperito- 
neum pressure for laparoscoplc surgery in the rat model. Surg 
Endosc 1997;11:915-8. 

15. CL’helan RL, Wlers CJ, Allendorf JD, Lalrd D, Bessler MD, Now- 
ygrod R, et al. Trocar ,ite recurrence is unlikely to result from 
aernsolization of tumor cells. Dis Colon Rectum 1996;39:57-513. 

Address reprint requests to: 

Mmrriie Antoine Bruhat, MD 
Deparfn~enf of Obstetrics, Gyrrecology, md Reproductioe 

Medicine 
PoycLinique de I’Hotel Dieu 
73 Bd Charles de Gaulle 
63033 Clernront-Frrrand 
Frame 

ReceiiTt*d Nouewzher 17, 1997. 
Recekd in rrwsedfornr Marcli 2, 1998. 
Accepfed Much 19, 2998. 

Copyright c 1998 by The American College of Obstetricians and 
Gynecologists. Publ&hed by Elserier Science Inc. 

i 108 Canis et al Surgicd Dissrminnfion Obstetrics 6 Gynecology 



. . 

Effects of laparoscopy on intraperitoneal 
tumor growth and distant metastases in 
an animal model 

c 

Helen R. Dorrance, MD, &u-in Oien, MD, and Patrick J. O’Dwyer, MCh, FRCS, Glmgow, CG!ed Kingdom 

Background and aims. Laparoscopic surgery for colorectal cancer is currently being evaluated in 
humans. The aim of this study was to examine the effect of laparosc@ on intrapt~toneal tumor growth 
and distant metastases in an an.imal model. We also examined the effect of combining laparotomy with 
laparosco& and on infusing the peritoneal cauiq with normal saline solution (NaCl), watq and sodi- 
um hypochlon’te after laparoscopy on intrapen’toneal tumor growth. 
Material and methods. Female Fischer rats were given MtLn3 adenocarcinoma cells by intraperitoneal 
injection to produce intrapaitoneal tumor growth and 4 tail uein injection to produce lung metastases. 
A pneumo#ren’toneum was then induced to a pressure of 8 mm Hg with carbon dioxide (CO,), helium, 
or room air. After this, animals were allowed to either recover or underwent laparotomy or infusion of 
NaCl, wati, or sodium hyporhlorite before recovery, depending on the experiment. At 21 days all ani- 
mals were killed and intraperitoneal tumor growth was assessed 4 counting the number of peritoneal 
and serosal nodules and by weighing the omental pad of tumor Lung metastases were assessed by count- 
ing the number of metastases afifljxation. 
Results. Laparoscopy caused a marked intrapen’toneal dissemination of tumor with a median of 17 (10 
to 20) peritoneal and serosal nodules fM CO,, 19.5 (12.5 to 25) for helium, and 15.0 {9.5 to 17.7) for 
room air compared with 0 (0 to 1) for controls (P < .OOOl). The weight of omental tumor was also sig- 
nificantly increased (P < .02) in the CO,, helium, and room air groups. Infusion with NaCl, water, or 
sodium hypochlorite had no effect on tumor dissemination after laparoscopy. The combination of 
laparosce and laparotomy caused a significant reduction (P < .05) in the number of peritoneal nod- 
ules but had no significant effect on omental tumor growth. Laparoscw also had no effect on the num- 
ber of pulmonary metastases induced compared with controls. 
Conclusions. This study shows that laparoscopy pfomotes intraperitoneal dissemination of tumor This 
effect is independent of the insufflatinggas used and is not affected 4 use of a cytotoxic agent. The use 
of gasless laparosco& should be encouraged by those undertaking curative laparoscopic surgery fm col- 
orectal cancer (Surgery 1999;126:35-40.) 

From the I/niversity Departments of Surgq and Pathology, Western Infirmaq Glasgow, United Kingdom 

IN 1991, As L9pARoscoPIc (3Ho~~croMy was being 
accepted as a new technique in many centers, Jacobs 
et al’ and Redwine and Sharpe2 described laparcl 
scopic right and left hemicolectomy, abdominoper- 
ineal resection, and stoma formation for both benign 
and malignant disease. This generated interest in 
laparoscopic colorectal surgery elsewhere, and 
reports from both the United Kingdom and the 
United StatesM confirmed the feasibility of these 
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techniques. Although the ability to perform laparo 
scopic colorectal resection cannot be questioned, 
controversy regarding its oncologic safety remains. 
Enthusiasts claim that the principles of oncologic 
surgery are strictly adhered to, with resection mar- 
gins, tumor clearance, and lymph node harvest com- 
parable to those of conventional open surgery.’ 
However, as yet no long-tern1 follow-up of patients 
after laparoscopically assisted surgery for colorectal 
cancer is available. 

Of particular concern has been the high rate of 
wound recurrence and port-site metastases report- 
ed after a short follow-up period.* The first reports 
of port-site metastases were observed after staging 
procedures for intraperitoneal cancers.913 Such 
lesions have also been reported after cholecystecto- 

my 1417 and now there are many reports of port-site 
metastases after colorectal cancer surgery.12-14**624 

SURGERY 35 



36 Dmanu, Oka, and Oz)uyr 

In a recent review of the literature by Wexner and 
CohenZ5 the authors estimated that 6.5% of 
patients undergoing curative colorectal cancer 
surgery have port-site metastases. Although this is 
likely to be an overestimate, it is clear that wound 
recurrence after open surgery remains rare and is 
thought to be less than 1%.26 

Little is known about the effect of laparoscopy 
on intraperitoneal tumor growth. The aim of this 
study was to examine the effect of laparoscopy with 
different gases on tumor growth after intraperi- 
toneal and intravenous injection of tumor in an 
animal model. We also examined the effect of com- 
bining laparoscopy and laparotomy on tumor 
growth in this model. Finally, because normal 
saline solution (NaCl) and occasionally sterile 
water are used as lavage fluids during laparoscopic 
surgery, we examined the effect of infusion of these 
fluids and the cytotoxic agent sodium hypochlorite 
on intraperitoneal tumor growth after laparoscopy. 

MATERIALAND METHODS 

Animals. Female Fischer rats aged 8 to 12 weeks 
were obtained from Harlan UK Ltd. Rats were 
maintained in the University of Glasgow animal 
facility under appropriate conditions and were 
allowed food and water ad libitum. All work was 
performed under the provisions of the “Animals 
(Scientific Procedures) Act 1986” and the supervi- 
sion of the Home Office. 

Tumor cells. The cell line was the MtLn3 clone 
of the rat adenocarcinoma cell line originally 
derived by Neri and Nicholson, M. D. Anderson 
Hospital and Tumour Institute, Houston, Tex.07 
This is derived from the mammary adenocarcinoma 
line 13762NF, induced by dietary administration of 
7,12dimethylbenz [a]-anthracene, and is known to 
have a high metastatic potential. It is syngenic for 
the F344 Fischer rat. Ceils have been kept in liquid 
nitrogen. Each batch of frozen cells was passaged 
no more than 6 times to prevent phenotypic drift. 
The medium used was Hanks F10 and Dulbecco’s 
modified Eagles’ medium (Life Technologies, 
Paisley) with 10% fetal calf serum and L-glutamine. 
Cells were grown to confluence in 5% carbon diox- 
ide (CO,) at 37°C. They were then washed with 
phosphate-buffered saline solution and trypsinized 
with 0.2% trypsin-EDTA (ethylenediaminetetra- 
acetic acid) solution (Life Technologies). They 
were washed 3 times in medium by centrifugation at 
1200 revolutions/min and resuspended in fresh 
medium at the appropriate concentration. Viabiliv 
was assessed by ypan blue exclusion. All cell sus- 
pensions were greater than 90% viable and were 
used within 2 hours of preparation. 
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Study 1: effect of laparoscopy on intraperitoneal 
tumor spread. The pattern of intraperitoneal 
spread of MtLn3 has been previously described.** 
Briefly, after intraperitoneal injection a tumor nod- 
ule develops at the injection site. In addition, there 
are mu1 tiple small parietal peritoneal deposits, par- 
ticularly in the subdiaphragmatic area, The omen- 
turn becomes diffusely infiltrated with tumor, but 
there are few or no visceral deposits and no solid- 
organ metastases. 

Seventy animals were divided into 4 groups. 
General anesthetic was induced with oxygen- 
halothane and animals were maintained with 2% 
halothane by a nose cone. All animals received an 
intraperitoneal injection of 1 x lo4 cells of MtLn3 in 
1 mL of medium. Group 1 (controls) had intraperi- 
toneal tumor injection and anesthetic only. Group 2 
had a CO, pneumoperitoneum induced by insert- 
ing an 18-gauge needle in the midline subumbili- 
tally and insufflating to a pressure of 8 mm Hg 
(Wolff automatic insufflator). This pressure pro- 
duces a tense pneumoperitoneum without causing 
diaphragmatic splinting in the nonintubated ani- 
mal. Group 3 had a helium pneumoperitoneum 
induced in the same manner, whereas group 4 had 
a pneumoperitoneum induced with room air. A 
pressure of 8 mm Hg was maintained for 15 min- 
utes. After this time the abdomen was allowed to 
deflate through the 18-gauge needle, which was 
then removed and the animals recovered. Any 
remaining low-pressure pneumoperitoneum was 
reabsorbed over the succeeding 24 hours. All ani- 
mals were killed at 21 days, or sooner if the clinical 
condition deteriorated. 

Assessment of intraperitoneal tumor spread. 
Tumor spread was assessed by careful counting of 
peritoneal and serosal nodules and weighing the 
excised omentum. Specimens were sent for 
histopathologic study to confirm the presence of 
tumor. 

Study 2: effect of laparoscopy and laparotomy on 
intraperitoneal tmnor growth. Because most laparo- 
scopic procedures for colorectal cancer combine 
laparoscopy with a small laparotomy wound, we 
examined the effects of both laparoscopy and 
laparotomy on intraperitoneal tumor growth. 
Thirty animals were randomized into 3 groups. rU1 

were anesthetized as above and received 1 x 10” 
MtLn3 cells in I mL of medium. Group 1 received 
a CO, pneumoperitoneum as previously described 
to a pressure of 8 mm Hg. Group 2 underwent 
laparotomy only. Group 3 had a pneumoperi- 
toneum with CO, for 15 minutes, followed by a 
laparotomy. At the end of the procedure the wound 
was closed in layers with plain catgut suture to the 
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Table I. Effect of laparoscopy on intraperitoneal tumor growth 

-P NO. Omental tumm (g) 

Control 20 4.0 (3.2-5.9) 
co2 20 7.5 (5.8-8.8) 
Helium 20 6.1 (5.083) 
Room air 10 7.4 (3.8-8.6) 
Statistical significance* P= .018 

Pmitom-al ncduks 

0 (O-1.0) 
17.0 (10.0-20.0) 
19.5 (12.5-25.7) 
15.0 (9.5-17.7) 

P= .Oool 
*Compared with conuols. 

peritoneum and polyglactin mesh (Victyl, Ethicon, 
Somerville, NJ) to the skin; all animals recovered. 
AlI animals were killed at 21 days, or sooner if the 
clinical condition indicated. The extent of tumor 
growth was assessed as previously described, and an 
assessment of wound tumor was made. 

Study 3: effect of laparoscopy followed by peri- 
toneal infusion on intraperitoneal tumor growth. 
Forty F344 rats were randomized into 4 groups. All 
were anesthetized as above and received 1 x lo4 
MtLn3 tumor cells in 1 mL as an intraperitoneal 
injection. Group 1 (controls) underwent a CO, 
pneumoperitoneum as previously described. 
Group 2 underwent pneumoperitoneum followed 
by infusion of 2 mL of warm NaCl into the peri- 
toneal cavity. Group 3 underwent the same proce- 
dure with sterile water, whereas group 4 rats were 
infused with a solution of 0.3% sodium hypochlo 
rite (Milton). Sodium hypochlorite was chosen for 
this experiment because it had previously been 
shown to be the most effective cytotoxic solution 
both in vitro and in vivo against the MtLn3 cell 
line.28 Infusions were left within the abdominal cav- 
ity. At the end of the procedure all animals were 
recovered. Animals were killed at 21 days or soon- 
er if clinical conditions indicated, and tumor load 
was assessed as above. 

Study 4: effect of laparoscopy on lung metas- 
tases. In this model, after a tail vein injection of 
MtLn3 tumor cells, lung metastases will develop in 
all animals. Forty-five animals were randomized 
into 3 groups: control, CO, pneumoperitoneum, 
and helium pneumoperitoneum. All had general 
anesthesia induced with oxygen-halothane in a 
Perspex box and were maintained with 2% 
halothane by a nose cone. All received a tail vein 
injection of 1 x lo4 cells in 0.2 mL of medium. 
Pneumoperitoneum was then induced as in the 
first experiment. All animals were killed at 21 days, 
or sooner if the clinical condition indicated, and 
lung metastases were counted. 

Assessment of lung metastases. The metastases 
were counted in the manner of Wexler.2g Briefly, 
the excised lungs were washed with water and inflat- 
ed with India ink through the trachea. They were 

then fured in alcoholic Bouin’s solution. Metastases 
became white and could be counted at 24 hours. 

Statistics. Data were collated with use of the 
Statistics Package for Social Sciences (SPSS, 
Chicago, Ill). Al411 values are expressed as medians 
with interquartile ranges. Peritoneal nodules, lung 
metastases, and omental weights were compared 
with the Mann-Whitney U-Wilcoxon rank-sum test. 

RESULTS 

Study 1: effect of laparoscopy on intraperitoneal 
tumor spread. All animals survived to 21 days and 
all had diffuse intraperitoneal tumor involving the 
parietal peritoneal surfaces with gross infiltration 
of the omentum and with blood-stained ascites at 
autopsy. Both the CO, helium and room air 
laparoscopy groups had significantly greater omen- 
tal and peritoneal involvement compared with con- 
trols (Table I). There was no significant difference 
between the CO, helium and room air groups. 
Histopathologic study confirmed the presence of 
adenocarcinoma at all sites tested. 

Study 2: effect of laparoscopy and laparotomy 
on intraperitoneal tumor growth. All animals sur- 
vived to 21 days and had blood-stained ascites with 
disseminated intraperitoneal tumor as before. In 
addition, all animals in the laparotomy group had 
diffuse infiltration of the wound with tumor. There 
was no significant difference in the amount of 
omental tumor in any group nor in the degree of 
tumor infiltration in the wound. However, both the 
laparotomy alone group and the laparotomy plus 
laparoscopy group had significantly fewer peri- 
toneal deposits compared with the laparoscopy 
alone group (Table II). 

Study 3: effect of laparoscopy followed by peri- 
toneal infusion on intraperitoneal tumor growth. 
All animals survived to 21 days and had blood- 
stained ascites and rumor growth within the peri- 
toneum as described. There were no significant dif- 
ferences in the amount of tumor growth between 
control and infusion groups (Table III). 

Study 4: effect of laparoscopy on lung metas- 
tases. All animals survived to 21 days and at autop- 
sy all groups had evidence of lung metastases with- 
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Table II. Effect of laparoscopy and laparotomy on intraperitoneal tumor growth 

Group No. Omentai tumor (ct, Peritoneal nodules 

Laparoscopy 10 7.2 (4.6-8.1) 13.0 (6.518.5) 
Laparotomy 10 8.1 (5.7-11.8) 3.0 (1.04.0) 
Combined 10 5.9 (4.6-8.0) 5.0 (2.5-6.5) 
Statistical significance* NS P= .05 

.V!, Not significant. 
*Compared with laparoscopy group. 

Table III. Effect of laparoscopy followed by peritoneal infusion on intraperitoneal tumor growth 

( No. chnmtal tuw (gl Peritoneal 7wduies 

Laparoscopy 10 4.6 (3.5-6.1) 14.5 (10.5-17.0) 
Water 10 5.3 (3.4-6.8) 11.0 (6.7-14) 
NaCl 10 6.1 (3.2-6.2) 10.5 (6.G13.5) 
Sodium hypochlorite 10 6.9 (6.67.9) 12.0 (10.5-13.2) 
Statistical significance* NS NS 

YS, Not significant. 
*Compared with laparoscopy group. 

Table IV. Effect of laparoscopy on lung metastases 

GmP 
Control 
co2 
Helium 
Statistical significance* 

.VS, Not significant. 
*Compared with control group. 

NO. 

15 
15 
15 

Lung m&stases 

5 (312) 
9 (7-10) 
6 (614) 

NS 

out gross dissemination of disease. There were no 
significant differences in the number of lung 
metastases observed among the CO,, helium, and 
control groups (Table IV). 

DISCUSSION 
Our results show that laparoscopy causes dis- 

semination of tumor cells and promotes tumor 
growth within the peritoneal cavity in an animal 
model. This effect was independent of the gas used 
and was significantly reduced when laparoscopy 
was followed by laparotomy. It was not affected by 
infusion of sterile water, NACl, or the cytotoxic 
agent sodium hypochlorite. 

Interestingly, laparoscopy could not be demon- 
strated to have any effect on distant metastases, 
indicating that local factors may be the predomi- 
nant mechanism whereby laparoscopy promotes 
intraperitoneal dissemination of tumor. It is likely 
that there is aerosolization of tumor cells within the 
enclosed space of the peritoneal cavity. In the clin- 
ical setting, with repeated introduction and with- 
drawal of instruments allowing gas to leak through 
ports, cells may be drawn to the port sites. The 

pressure of insufflating gas may force these cells 
into the peritoneum and port-site wound, allowing 
them to seed and grow. The fact that in this model 
laparoscopy insufflation followed by laparotomy 
significantly reduces the amount of peritoneal 
tumor growth with little effect on omental tumor 
growth suggests that prolonged pressure is 
required to allow seeding and growth of peritoneal 
nodules to take place. 

The concept of tumor cell aerosolization is sup 
ported by Knolmayer et a130 and their large animal 
model, which showed that there is a constant 
aerosol of epithelial cells within the peritoneum 
during laparoscopy and that the number of cells 
escaping increases with increasing intra-abdominal 
pressure. Champault et a13’ have shown the pres- 
ence of clumps of cells in gas exhausted from 
laparoscopy, the so-called “chimney effect,” 
although no malignant cells have yet been identi- 
fied in their studies. 

Several other workers have investigated the 
effect of a pneumoperitoneum on intraperitoneal 
tumor growth with use of cell suspension and solid 
tumor in small animal models. Jacobi et a13* 
showed that the simple act of creating a CO, pneu- 
moperitoneum caused increased tumor growth 
within the peritoneal cavity. Work by Bouvy et 
a133,34 using both cell suspension and solid tumor 
models achieved similar results. In contrast, the 
results of Hubens and Eyskenss5 showed no differ- 
ence in the rate intraperitoneal tumor growth 
between anesthetic controls and CO, insufflation. 
They scored peritoneal involvement with use of a 
scale described by Eggermont et a136 that assessed 
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intraperitoneal involvement on the basis of visual 
inspection and does not differentiate between 
tumor growth within the omentum and involve- 
ment of the parietal peritoneum. It is interesting to 
note that, in common with our results, they did not 
find any significant differences in tumor growth 
between laparoscopy and laparotomy. 

Bouvy et al 33 also investigated the effects of gas- 
less laparoscopy on intraperitoneal tumor growth 
with use of a solid tumor model and showed that 
both laparotomy and CO, pneumoperitoneum 
produced significantly greater intraperitoneal 
tumor growth than gasless laparoscopy did. Port- 
site metastases were also significantly reduced in 
the gasless group compared with the CO, pneu- 
moperitoneum group. Similar results were 
achieved by the same authors with a cell suspension 
of CC531.34 These results are supported by Watson 
et a1,37 who demonstrated that the incidence of 
port-site metastases in a rat model was reduced 
after gasless laparoscopy compared with insuffla- 
tion with CO,. 

In comparing the effects of laparotomy, 
laparoscopy, and a combined laparoscopy-laparoto 
my procedure, our results showed that laparoscopy 
alone produced significantly more parietal peri- 
toneal tumor deposits than did either laparotomy 
or the combined procedure. There was no signifi- 
cant difference in omental tumor weight among 
the 3 groups nor in the amount of wound involve- 
ment between the laparotomy and combined 
groups. It is well known that laparotomy has a per- 
missive effect on tumor growth.38 However, studies 
generally demonstrate that this effect is less with 
laparoscopy. 32-35s3g These studies have examined 
the effects of laparoscopy on tumor growth at a site 
remote from the peritoneal cavity, such as the ani- 
mal’s flank, and may help to explain some of the 
differences between their findings and our study. 

It might be expected that infusion of the abdom- 
inal cavity with sterile water or sodium hypochlorite 
would result in a reduction of intraperitoneal 
tumor growth. We have previously shown that sodi- 
um hypochlorite is cytotoxic in vitro and in vivo 
against the MtLn3 cell line.28 Further work is there- 
fore required to identify a cytotoxic agent that will 
prevent the growth of tumor that occurs with 
laparoscopic insufflation. In the meantime, avoid- 
ance of insufflation by the use of gasless laparoscopy 
should be practiced by surgeons undertaking 
laparoscopic resection for colorectal cancer. 

In conclusion, we have shown that laparoscopy 
promotes the dissemination of tumor growth with- 
in the peritoneal cavity and that this effect is inde- 
pendent of the gas used. Use of a cytotoxic agent or 
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lavage with water or saline solution has no effect on 
tumor cell dissemination by laparoscopy, Further 
work is required to investigate the role of instru- 
ment and cannula contamination on port-site 
metastases and to examine what effect laparoscopy 
may have on peritoneal and serosal surfaces that 
promote tumor growth. 
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